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  Abstract	  
	  
Printed	  electronics	   (PE)	   is	  a	  disruptive	  but	  growing	   technology	   that	   is	  beginning	   to	  
integrate	  its	  way	  into	  viable	  applications	  for	  product	  design.	  However,	  the	  potential	  
for	   future	   impact	  of	   the	   technology	  on	  product	  design	  and	   the	  designer’s	   role	  and	  
contribution	  to	  this	  has	  yet	  to	  be	  established.	   Interest	   is	   increasing	  in	  the	  potential	  
for	   product	   designers	   to	   explore	   and	   exploit	   this	   technology.	   Technologies	   can	   be	  
seen	  as	  being	  ‘disruptive’	  from	  both	  a	  business,	  and	  an	  adoption	  point	  of	  view.	  For	  a	  
business,	   changing	   from	   one	   technology	   to	   another	   or	   incorporating	   a	   new	  
technology	   and	   its	   production	   processes	   can	   be	   difficult	   if	   they	   already	   have	   their	  
suppliers	  established	  and	  existing	  relationships	  in	  place.	  Understanding	  and	  adopting	  
a	  new	  technology	  can	  be	  challenging	  for	  a	  business	  and	  individuals	  working	  within	  an	  
established	   industry	   as	   it	   can	   cause	   many	   questions	   to	   be	   raised	   around	   its	  
performance,	  and	  direct	  comparison	  with	  the	  technology	  they	  already	  have	  in	  place.	  
However,	   there	  have	  been	  many	   technologies	   that	  could	  be	  seen	  as	   ‘disruptive’	   in	  
the	  past,	  as	  they	  offered	  an	  alternative	  way	  of	  working	  or	  method	  of	  manufacture,	  
such	  as	  Bluetooth,	  3D	  printing,	  and	  automation	  (manufacturing/assembly/finishing),	  
etc.,	  and	  their	  success	  has	  been	  dictated	  by	  individual’s	  perception	  and	  adoption	  of	  
the	  technology,	  with	  their	  ability	  to	  see	  the	  worth	  and	  potential	   in	  the	  technology.	  
Cost	   comparison	   is	   also	   an	   important	   aspect	   for	   a	   business	   to	   consider	   when	  
choosing	  whether	   to	   change	   to	   a	   new	   technology	   or	   to	   remain	  with	   their	   existing	  
technology,	  as	  changing	  can	  disrupt	   the	  manufacturing	   line	  assembly	  of	  a	  product,	  
and	  direct	  cost	  comparisons	  of	  components	  themselves,	  such	  as	  the	  cost	  of	  buying	  
silicon	   components	   in	   bulk	   verses	   printing	   the	   components.	   The	   new	   technology	  
needs	   to	   offer	   something	   different	   to	   a	   product	   to	   be	  worth	   implementing	   it	   in	   a	  
product,	   such	   as	   its	   flexible	   form	   or	   lightweight	   properties	   of	   printed	   electronics	  
being	   of	   benefit	   to	   the	   product	   over	   what	   a	   silicon	   electronic	   component/circuit	  
could	  offer	   (restricted	  to	  rigid	  circuit	  boards),	   the	   functionality/performance	  of	   the	  
components	  themselves	  also	  need	  to	  be	  considered.	  	  
	  
Performance,	  availability	  and	  maturity	  of	   the	   technology	  are	  some	  of	   the	  essential	  
aspects	  to	  consider	  when	  incorporating	  a	  new	  technology	  into	  a	  product	  and	  these	  
can	   be	   evaluated	   using	   a	   Technology	   Readiness	   Level	   (TRL)	   scale.	   Interest	   in	   the	  
stage	   of	   development	   for	   a	   technology	   lies	   not	   only	   with	   designers;	   industry	   and	  
academia	   also	   contribute	   to	   knowledge	  by	  playing	   a	   central	   role	   in	   the	  process	   of	  
determining	   a	   TRL	   scale	   that	   is	   universally	   recognised.	   However,	   a	   TRL	   separation	  
issue	  occurs	  between	  academia	  (often	  the	  technology	  only	  reaching	  an	  experimental	  
proof	   of	   concept	   stage,	   a	   lower	   number	   on	   the	   TRL	   scale	   –	   indicating	   that	   the	  
technology	   is	   at	   an	   early	   stage	   of	   development)	   and	   industry	   (not	   considering	  
technology	   for	   commercialisation	   until	   it	   reaches	   a	   stage	   where	   there	   is	   a	  
demonstration	   of	   pre-­‐production	   capability	   validated	   on	   economic	   runs,	   a	   much	  
higher	  number	  on	  the	  TRL	  scale	  -­‐	   indicating	  that	  the	  technology	   is	  at	  a	  much	  more	  
advanced	  stage	  of	  development).	  
	  
The	  aim	  of	   this	  doctoral	   research	  was	  to	  explore	  the	  contribution	  of	  PE	  to	  product	  
design.	   The	   researcher	   experienced	   the	   scientific	   development	   of	   the	   technology	  
	  first-­‐hand,	   and	   undertook	   a	   literature	   review	   that	   covered	   three	   main	   topics:	   1)	  
‘printed	   electronics’	   (the	   technology	   itself),	   2)	   ‘impact’	   (approaches	   to	   assessing	  
impact	  and	  methods	  of	  judging	  new	  technology)	  because	  together	  they	  will	  identify	  
the	   state	   of	   the	   art	   of	   printed	   electronics	   technology,	   and	   3)	   ‘education’	   -­‐	  
educational	  theories/methods	  for	  designers	  -­‐	  studying	  how	  designers	  learn,	  explore	  
different	   methods	   in	   educating	   them	   about	   new	   technologies,	   and	   start	   to	   find	  
appropriate	   methods	   for	   educating	   them	   about	   printed	   electronics	   technology.	   A	  
knowledge	   framework	   for	   PE	   technology	  was	   generated	   and	   utilised	   to	   produce	   a	  
taxonomy	  and	  TRL	  scale	  for	  PE	  and	  confirmed	  by	  PE	  expert	   interview.	  Existing	  case	  
studies	   in	   which	   PE	   technology	   had	   been	   presented	   to	   student	   designers	   were	  
investigated	   through	   interviews	   with	   participants	   from	   academia	   and	   industry	   to	  
solicit	  perception	  and	  opinions	  on	  approaches	  for	  the	  effective	  communication	  of	  PE	  
knowledge	   to	   student	   designers	   within	   an	   educational	   environment.	   The	   findings	  
were	  interpreted	  using	  thematic	  analysis	  and,	  after	  comparing	  the	  data,	  three	  main	  
themes	  identified:	  technical	  constraints,	  designer’s	  perspective,	  and	  what	  a	  designer	  
is	  required	  to	  do.	  	  
	  
The	   findings	   from	   the	   research	  were	   combined	   to	   create	   an	  educational	   approach	  
for	  knowledge	  transfer	  aimed	  specifically	  at	  meeting	  the	  needs	  of	  product	  designers.	  
This	   resulted	   in	   the	  need	  for	  PE	  technology	  to	  be	  translated	   into	  both	  a	  visual	  and	  
written	   format	   to	   create	   structure	   and	   direct	   links	   between	   the	   technological	  
elements	   and	   their	   form	   and	   function	   in	   order	   to	   facilitate	   understanding	   by	  
designers.	   Conclusions	   from	   the	   research	   indicate	   that	   the	   translation	   of	   this	  
technology	  into	  an	  appropriate	  design	  language	  will	  equip	  designers	  with	  accessible	  
fundamental	   knowledge	   on	   PE	   technology	   (i.e.	   electrical	   components:	   form,	  
function,	   and	   area	   of	   the	   technology),	   which	   will	   allow	   informed	   decisions	   to	   be	  
made	  about	  how	  PE	  can	  be	  used	  and	  to	  utilise	  its	  benefits	  in	  the	  design	  of	  products.	  
The	  capabilities	  and	  properties	  of	  this	  technology,	  when	  paired	  with	  product	  design	  
practice,	   has	   the	   capacity	   to	   transform	   the	   designs	   of	   future	   products	   in	   terms	   of	  
form/functionality	  and	  prevailing/views	  towards	  design	  approaches	  with	  electronics.	  
If	  exposed	  to	  a	  variety	  of	  PE	  elements	  ranging	  across	  different	  TRLs,	  designers	  have	  
the	   capacity	   to	   bridge	   the	   TRL	   separation	   issue	   (the	   gap	   between	   academia	   and	  
industry)	  through	  their	  ability	  to	  create	  design	  solutions	  for	  an	  end	  user	  and	  provide	  
a	  commercial	  application	  for	  the	  technology.	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   1	  
1.0	  Introduction	  
	  
Printed	   electronics	   technology	   is	   a	   disruptive,	   but	   growing	   industry,	   which	   is	  
beginning	   to	   integrate	   its	   way	   into	   design.	   Technologies	   can	   be	   seen	   as	   being	  
‘disruptive’	  from	  both	  a	  business	  point	  of	  view	  and	  from	  an	  adoption	  point	  of	  view.	  
Change	   from	  one	   technology	   to	  another	  or	   the	   incorporation	  of	  a	  new	   technology	  
and	  its	  production	  processes	  can	  be	  difficult	  for	  a	  business	  when	  they	  have	  already	  
got	   their	   suppliers	   established	   or	   existing	   relationships	   in	   place.	   Change	   and	   the	  
understanding	   of	   a	   new	   technology	   and	   adopting	   a	   new	   technology	   can	   be	  
challenging	  for	  a	  business	  and	  individuals	  working	  within	  an	  established	  industry	  as	  it	  
can	   raise	   questions	   such	   as	   ‘why	   do	  we	  want	   it	   over	  what	  we	   already	   have?’	   and	  
around	   its	   performance	   ‘what	   can	   it	   do?’.	   There	   have	   been	   a	   wide	   variety	   of	  
examples	  of	  technologies	  that	  could	  be	  perceived	  as	  being	  ‘disruptive	  technology’	  in	  
the	  past	  as	   they	  challenged	  existing	   technologies	  by	  offering	  an	  alternative	  way	  of	  
working	  or	  method	  of	  manufacture,	  such	  as	  Bluetooth,	  3D	  printing,	  and	  automation	  
(manufacturing/assembly/finishing),	   etc.,	   and	   their	   success	   has	   been	   dictated	   by	  
individual’s	  perception	  and	  adoption	  of	  the	  technology,	  with	  their	  ability	  to	  see	  the	  
worth	  and	  potential	  in	  the	  technology.	  Cost	  comparison	  is	  also	  an	  important	  aspect	  
to	  a	  business	  when	  deciding	  whether	  to	  change	  to	  a	  different	  type	  of	  manufacture	  or	  
supply	   chains,	   as	   with	   certain	   electronic	   components	   such	   as	   resistors,	   often	   it	   is	  
cheaper	   to	  buy	   conventional	   silicon	   components	   in	   bulk	   than	   trying	   to	  print	   these	  
components.	   Introducing	   a	   new	   technology	   or	   manufacturing	   process	   can	   also	  
disrupt	   a	   business’	   production	   line/manufacturing	   line	   assembly	   of	   an	   electronic	  
product,	   therefore	   the	  business	  owner	  needs	   to	  be	   certain	   that	   the	   investment	  or	  
change	   to	   this	   new	   technology	   is	   going	   to	   be	   beneficial	   for	   their	   business.	   A	   new	  
technology	  therefore	  needs	  to	  offer	  something	  different	  to	  a	  business’	  product	  to	  be	  
worth	   implementing	   in	   that	  product	   (considering	  suppliers,	  manufacture,	  assembly	  
line),	  such	  as	   its	  flexible	  form	  or	   lightweight	  properties	  of	  printed	  electronics	  being	  
of	   benefit	   to	   the	   product	   over	   what	   a	   silicon	   electronic	   component/circuit	   could	  
offer	   (restricted	   to	   rigid	   circuit	   boards).	   Also	   functionality/performance	   of	   the	  
components	  needs	  to	  be	  considered	  when	  comparing	  technologies,	  which	  may	  raise	  
questions	   such	   as	   ‘does	   this	   technology	   have	   the	   same,	   or	   improved	  
functionality/performance	  capabilities	  as	  the	  technology	  we	  were	  using	  previously?’	  
and	   ‘what	   are	   the	   benefits	   of	   using	   this	   technology	   over	   the	   technology	  we	  were	  
using	   before?’.	   In	   the	   following	   paragraphs,	   the	   adoption	   of	   two	   different	  
technologies	   ‘Bluetooth’	   and	   ‘3D	   printing’	   are	   compared	   to	   study	   how	   other	  
technologies	  were	   previously	   adopted	   to	   help	   determine	   an	   appropriate	   direction	  
towards	  adoption	  of	  a	  new	  technology	  within	  this	  research.	  
	  
The	   commercial	   adoption	   of	   Bluetooth	   wireless	   technology	   traces	   back	   to	   1994	  
(Nordic	   Semiconductor,	   2014)	   where	   Ericsson	   (the	   Swedish	   telecommunications	  
company)	   had	   the	   idea	   to	   replace	   RS-­‐232	   cables	   (used	   to	   communicate	   between	  
different	  instruments)	  with	  a	  radio	  frequency	  based	  wireless	  alternative.	  Around	  the	  
same	   time,	  other	   companies	   (which	   included	  Nokia	  and	   Intel)	  also	  had	   the	   idea	  of	  
linking	   cellphones	   and	   computers	   wirelessly.	   The	   companies	   realised	   that	   to	   have	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any	  chance	  of	  allowing	  products	  from	  different	  companies	  to	  connect	  wirelessly	  (as	  
they	  all	  used	  a	  common	  radio	  frequency	  protocol),	  standardisation	  of	  the	  technology	  
was	  required	  which	  would	  also	  need	  to	  be	  driven	  by	  a	  Special	  Interest	  Group	  (SIG);	  
this	  formation	  of	  a	  SIG	  was	  agreed	  by	  the	  companies	  in	  1996.	  	  The	  Bluetooth	  SIG	  was	  
formed	   in	   1998	  with	   five	   companies:	  Nokia,	   Ericsson,	   Toshiba,	   Intel,	   and	   IBM;	   and	  
the	  first	  version	  of	  the	  technology	  was	  launched	  in	  1999.	  The	  technology	  continued	  
to	  advance	  with	  the	  second	  version	  released	   in	  2005	  that	  had	  enhanced	  data	  rate,	  
and	   in	   2007	   development	   began	   into	   an	   ultra	   low	   power	   (ULP)	   form	   of	   wireless	  
connection.	   It	   was	   initially	   called	   ‘ultra	   low	   power	   Bluetooth’	   and	   later	   became	  
‘Bluetooth	  low	  energy’	  that	  could	  run	  just	  using	  a	  coin	  cell	  battery,	  the	  most	  recent	  
Bluetooth	   development	   to	   date	   was	   released	   in	   2010	   	   ‘Version	   4.0’	   it	   includes	  
Bluetooth	   low	   energy,	   and	   two	   types	   of	   chip	   in	   the	   core	   specification	   became	  
available:	   Bluetooth	   v4.0	   and	   Bluetooth	   low	   energy	   ICs.	   “Bluetooth	   wireless	  
technology	   is	   incorporated	   into	   billions	   of	   chips	   in	   thousands	   of	   applications,	   and	  
Bluetooth	  low	  energy	  extends	  its	  usefulness	  to	  a	  huge	  new	  sector	  of	  devices	  powered	  
by	  coin	  cell	  batteries.	  After	  nearly	  two	  decades	  of	  development,	  cumulative	  Bluetooth	  
product	  shipments	  have	  passed	  2.5	  billion,	  membership	  has	  reached	  19,000	  and	  the	  
technology	   is	   maturing	   into	   a	   product	   that	   has	   a	   very	   bright	   future”	   (Nordic	  
Semiconductor,	  2014).	  The	  Bluetooth	  updated	  version	  of	  the	  system	  and	  growth	  in	  
the	  use	  of	  sensing	  and	  mobile	  technologies	  has	  lead	  to	  the	  growing	  list	  of	  its	  use	  in	  
applications	   including	   agriculture,	   health,	   electioneering,	   and	   business	   (Kalan,	   J.,	  
2013).	  The	  advances	   in	   this	   technology	  have	  made	   it	  possible	   to	  build	  devices	   that	  
were	  not	  possible	  before,	  such	  as	  very	  small	  medical	  devices	  that	  can	  be	  placed	  on	  a	  
person’s	  forehead	  for	  ten	  seconds	  in	  which	  times	  it	  gathers	  data	  such	  as	  their	  blood	  
pressure,	   heart	   rate,	   skin	   and	   core	   body	   temperature,	   blood	   oxygen	   levels,	  
respiratory	   rate,	   emotion	   stress	   levels,	   and	   blood	   pressure,	   and	   transmits	   it	   via	  
Bluetooth	  to	  the	  users’	  tablet	  or	  phone	  (Kalan,	  J.,	  2013).	  With	  the	  increasing	  use	  and	  
presence	  of	  mobile	   devices	   in	   our	   day	   to	   day	   lives,	   Bluetooth	   technology	   now	   fits	  
more	   seamlessly	   into	   our	   current	   lifestyle,	   and	   allows	   us	   to	   access	   information	  
faster/more	  instantly	  than	  before,	  and	  allows	  us	  to	  do	  things	  ourselves	  that	  we	  could	  
not	  do	  before,	  such	  as	  self	  medical	  monitoring,	  and	  track	  our	  health	  and	  fitness,	  or	  
sleeping	  patterns	  etc.	  	  
The	  beginnings	  of	  3D	  printing	  technology	  can	  be	  traced	  back	  to	  1981	  where	  Hideo	  
Kodama	  from	  the	  Nagoya	  Municipal	  Industrial	  Research	  Institute	  published	  about	  his	  
functional	   rapid	   prototyping	   system	   that	   used	   photopolymers	   to	   build	   up	   a	   solid	  
printed	  model	   in	   layers,	   each	   layer	   corresponded	   to	   a	   cross-­‐sectional	   slice	   in	   the	  
model	  (Goldberg,	  D.	  2014).	   	   In	  1984	  Charles	  Hull	   invented	  stereolithography,	  which	  
enabled	   designers	   to	   create	   3D	   models	   using	   digital	   data,	   which	   can	   be	   used	   to	  
create	  tangible	  objects.	  This	   invention	  worked	  by	  using	  a	  UV	   laser	  beam	  and	   liquid	  
photopolymer,	  the	  portion	  which	  is	  exposed	  to	  light	  instantly	  turns	  into	  a	  solid	  piece	  
of	  plastic.	  Charles	  Hull’s	   company	   ‘3D	  Systems’	   created	   the	   first	   stereolithographic	  
apparatus	  (SLA)	  machine	  in	  1992,	  making	  the	  fabrication	  of	  complex	  parts	  possible,	  
building	  them	  up	  layer	  by	  layer,	  at	  a	  much	  faster	  rate	  than	  previously	  possible.	  In	  this	  
same	   year,	   a	   start-­‐up	   company	   called	   ‘DTM’	   produced	   the	   first	   selective	   laser	  
sintering	   (SLS)	   machine,	   which	   worked	   in	   a	   slightly	   different	   way	   to	  
stereolithography	  as	  it	  used	  a	  laser	  and	  powder	  (instead	  of	  a	  liquid)	  to	  create	  the	  3D	  
output.	   The	   first	   3D	   printed	   organ	  was	   implanted	   in	   humans	   in	   1999	   as	   scientists	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(from	   the	   Wake	   Forest	   Institute	   for	   Regenerative	   Medicine)	   printed	   synthetic	  
scaffolds	  of	  a	  human	  bladder	  and	  coated	  it	  in	  cells	  of	  human	  patients	  (this	  minimised	  
the	  risk	  of	  the	  body	  rejecting	  the	  implant).	  In	  2005	  Dr.	  Adrian	  Bowyer	  launched	  the	  
‘RepRap	  Project’	  which	  was	  an	  open-­‐source	   initiative	   to	   create	  a	   self-­‐building/self-­‐
replicating	   3D	   printing,	   and	   in	   2008	   this	   was	   achieved,	   the	   machine	   was	   called	  
‘Darwin’.	   In	  2006	   the	   first	   SLS	  machine	  became	  commercially	   viable,	   a	   start-­‐up	  3D	  
printing	   company	   called	   ‘Objet’	   (which	   is	   now	   merged	   with	   Stratasys)	   built	   a	  
machine	   that	   could	  3D	  print	  multiple	  different	  materials.	   Collaborative	   co-­‐creation	  
services	  were	   also	   launched	   such	   as	   ‘Shapeways’	  which	  was	   a	  marketplace	   for	   3D	  
printing	   where	   the	   designers	   could	   get	   feedback	   from	   other	   designers	   and	  
consumer,	   then	   following	   this	   be	   able	   to	   affordably	   fabricate	   their	   products.	   Also	  
‘MakerBot’	  provided	  open-­‐source	  DIY	  kits	   for	  makers	  so	  that	  they	  could	  build	  their	  
own	  3D	  printers	  and	  products,	  this	  made	  the	  technology	  very	  accessible	  to	  designers	  
and	  the	  general	  public.	  The	  price	  of	  3D	  printers	  has	   fallen	  rapidly	  since	  their	   initial	  
release	   and	   the	   accuracy	   of	   the	   3D	   printing	   improved	   (Goldberg,	   D.	   2014).	   3D	  
printing	   technology	  allows	  us	   to	  create	   structures	   that	  we	  could	  not	  create	  before	  
using	  existing	  machinery,	  or	  create	  by	  hand.	  Advances	  in	  technology	  means	  that	  the	  
printing	  resolution	  is	  higher,	  meaning	  that	  the	  measurements,	  angles,	  and	  therefore	  
overall	  design/3D	  output	   is	  more	  accurate	  and	  precise	  that	  what	  we	  could	  achieve	  
by	   hand	   or	   via	   other	   manufacturing	   processes.	   It	   is	   fairly	   instant,	   in	   that	   we	   can	  
create	  a	  3D	  digital	  model	  and	  send	  that	  digital	  file	  to	  the	  3D	  printer	  to	  be	  produced	  
in	   a	   very	   short	   amount	   of	   time	   (such	   as	   two	   hours	   or	   so)	   which	   is	   fantastic	   for	  
creating	   a	   proof	   of	   concept	   or	   creating	   a	   prototype	   quickly.	   Allows	   for	   faster	  
design/prototyping	  process,	   to	  be	  able	   to	  see	   the	  design	  virtually	  and	  physically/in	  
person	   to	   evaluate	   the	   form,	   and	   if	   it	   is	   incorrect	   or	   needs	   further	   alterations	  
making,	   then	   by	   using	   3D	   printing,	   there	   is	   relatively	   little	   cost	   involved	   and	   time	  
invested	   creating	   the	   prototype/model	   in	   comparison	   to	   conventional	  
manufacturing	  methods/tooling	   involved,	  the	  3D	  designed	  digital	  model	  can	  simply	  
be	  altered	  and	  sent	  to	  the	  3D	  printer	  again.	  
The	   importance	   /	   essential	   aspect	   that	   leads	   to	   the	   successful	   adoption	   of	   a	   new	  
technology	   is	   firstly	   the	   technological	   advances	   themselves,	   meaning	   that	   the	  
technology	  has	  to	  be	  functioning	  successfully	  and	  developed	  to	  a	  sufficient	  level	  that	  
it	  can	  be	  implemented	  in	  designs	  and	  therefore	  in	  our	  every	  day	  lives,	  and	  it	  has	  to	  
offer	  benefits	  to	  users,	  whether	  it	  is	  replacing	  an	  existing	  technology	  it	  has	  to	  be	  able	  
to	  work	  faster	  meaning	  that	  its	  performance	  capability	  is	  increased	  in	  comparison	  to	  
its	   predecessor,	   perhaps	   it	   provides	   the	   same	   functions	   as	   its	   predecessor	  but	   the	  
product	   itself	   is	   much	   smaller	   and	   can	   therefore	   be	   applied	   more	   easily	   within	  
products	  or	  in	  our	  lives,	  or	  that	  the	  technology	  is	  entirely	  different	  or	  unique	  to	  what	  
technology	   has	   been	   created	   before	   in	   some	   way	   such	   as	   with	   Bluetooth	   it	   was	  
wireless,	  and	  with	  3D	  printing	  it	  could	  create	  3D	  forms	  that	  were	  not	  possible	  as	   it	  
was	  a	  new	  method	  of	  manufacture	  as	  it	  built	  the	  material	  up	  in	  layers.	  	  
Therefore,	  the	  direction	  of	  this	  research	  needs	  to	  encompass	  a	  method	  of	  assessing	  
what	   level	  of	  development	  the	  printed	  electronics	   technology	   is	  at,	  what	   is	  unique	  
about	   the	   technology,	   and	   how	   it	   can	   be	   implemented/included/incorporated	   in	  
design.	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Printed	   electronics	   differ	   from	   conventional	   electronics,	   such	   as	   with	   structurally	  
rigid	  printed	  circuit	  boards	  (PCBs),	  which,	  despite	  their	  name,	  are	  not	  printed	  at	  all;	  
the	  circuits	  are	  etched	  out	  of	  a	   copper-­‐clad	   laminate.	  The	  method	  of	  manufacture	  
differs	   between	   the	   two,	   with	   conventional	   circuits	   being	   subtractive	   (etching	  
material	   away),	   and	   printed	   electronics	   being	   additive	   (material	   is	   added	   onto	   a	  
substrate).	   Printed	   electronics	   enables	   fewer	   processes	   to	   be	   used,	   as	   only	   the	  
materials	   needed	   are	   transferred	   directly	   onto	   a	   substrate,	   as	   opposed	   to	  
conventional	   PCBs	   having	   to	   create	   alternating	   layers	   of	   conductive	   and	   insulating	  
material	   before	   creating	   the	   tracks	   (via	   etching).	   Electronic	   components	   are	   also	  
produced	   very	   differently,	   with	   printed	   electronics	   being	   an	   additive	   method	   of	  
manufacture	  to	  build	  up	  the	  different	   layers	  of	  a	  component	  onto	  a	  substrate,	  and	  
with	  conventional	  electronics	  the	  electronic	  components	  are	  produced	  in	  a	  variety	  of	  
different	  ways,	  such	  as	  resistors	  that	  are	  produced	  by	  coating	  small	  rods	  of	  ceramic	  
with	   metals,	   or	   ‘silicon’	   components	   where	   a	   material	   called	   silicon	   is	   heated,	  
melted,	  cooled,	  then	  sliced	  to	  create	  silicon	  wafers	  that	  can	  then	  be	  used	  to	  create	  
electronic	  microchips	  etc.	  Conventional	  electronics	  create	  two	  major	  environmental	  
hazards	   through	   the	   manufacture	   of	   PCBs:	   1)	   waste	   effluent	   (that	   is	   acidic	   and	  
contains	  heavy	  metals	   e.g.	   copper),	   and	  2)	   the	  use	  of	   hydrocarbons	   in	  photoresist	  
developer	  and	  stripper.	  Water	  authorities	  are	  imposing	  more	  strict	  pollution	  limits	  in	  
order	   to	   reduce	   the	   amount	   of	   copper	   in	   effluent.	   When	   producing	   electronic	  
components	   and	   circuits,	   if	   printing	   processes	   are	   used	   instead	   of	   conventional	  
processes,	   it	  could	  greatly	  reduce	  waste	  effluent	  and	  also	  this	  additive	  process	  can	  
offer	  considerable	  cost	  savings	  (Harrison,	  D.,	  et	  al.	  1997).	  Printed	  electronics	  offer	  a	  
wide	  range	  of	  further	  benefits.	  They	  are	  ‘high	  throughput’,	  meaning	  that	  it	  is	  easy	  to	  
produce	   high	   volumes	   at	   speed	   via	   traditional	   printing	  methods,	   including	   screen,	  
gravure,	  lithography,	  and	  flexography	  as	  identified	  by	  Gamota	  (2004).	  Inkjet	  printing	  
can	  also	  be	  used,	  although	  it	  is	  significantly	  slower.	  A	  range	  of	  different	  components	  
can	  be	  achieved	   through	  printing	   the	  electronics	  by	  using	  both	   inorganic	  materials	  
for	   conductors	   (such	   as	   silver),	   also	   organic	   materials	   for	   conductors	   and	  
semiconductors	   (such	   as	   polymers).	   These	  materials	   are	  made	   into	   inks	   or	   pastes	  
and	  are	  printed	  in	  layers	  onto	  the	  substrate	  (which	  is	  often	  thin	  and	  flexible).	  Other	  
major	  advantages	   to	  a	  designer	  or	  manufacturer	  would	  be	   that	   they	  are	  physically	  
flexible,	  use	  minimal	  raw	  materials,	  and	  are	  very	  lightweight.	  These	  properties	  of	  the	  
technology	  open	  up	  new	  opportunities	  for	  innovation.	  	  
	  
A	   report	   in	   2016	   by	   IDTechEx	   estimated	   that	   the	   printed,	   flexible	   and	   organic	  
electronics	  total	  market	  size	   is	  worth	  $26.54	  billion	   in	  2016,	  and	  they	  forecast	   it	  to	  
grow	  to	  $69.03	  billion	  by	  2026	  (Das,	  and	  Harrop,	  2015b).	  However,	   in	  terms	  of	  the	  
status	   of	   printed	   electronics	   companies,	   IDTechEx	   has	   found	   that	   “97%	   of	   the	  
companies	   globally	   related	   to	   printed	   electronics	   have	   been	   profiled	   as	   materials,	  
equipment	  or	  component	  providers.	  Only	  3%	  of	  the	  companies	  make	  products	  or	  do	  
integration”	  (Neficon	  and	  PrintoCent,	  2015,	  p.11).	  The	  majority	  of	  these	  companies	  
have	  a	  focus	  on	  the	  technology	  itself	  and	  are	  producing	  functional	  components	  that	  
are	  sold	  on,	  or	  become	  parts	  of	  existing	  products.	  These	  generally	  rely	  on	  and	  utilise	  
the	   material	   science	   area	   of	   the	   technology	   rather	   than	   the	   design	   potential;	   for	  
example,	   the	  outputs	  are	   in	  the	  form	  of	   functioning	  elements	  such	  as	  photovoltaic	  
cells	   and	  glucose	   test	   strips.	  A	   similar	  observation	  of	   this	  was	  made	  about	  printed	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electronics	   technology	  when	   viewing	   it	   as	   a	  material	   innovation	   in	   the	   context	   of	  
product	  design:	  “A	  final	  thrust	  in	  this	  reduction	  in	  weight,	  thickness,	  and	  materiality	  
has	  been	  a	  blurring	  of	  the	  line	  between	  what	  is	  an	  electronic	  component	  and	  what	  is	  
the	   actual	   product.	   If	   the	   wires,	   resistors,	   capacitors	   and	   battery,	   rather	   than	  
separate	  components,	  are	   in	  fact	  the	  structural	  and	  shell	  materials	  themselves,	  this	  
truly	   integrates	   the	   intelligence	   with	   the	   product.”	   (Dent,	   A.	   and	   Sherr,	   L.,	   2014,	  
p.150).	  Perhaps	  the	  most	  successful	  application	  of	  printed	  electronics	  so	  far	  is	  in	  the	  
medical	   industry,	   because	   outputs	   such	   as	   glucose	   test	   strips	   do	   not	   need	   further	  
design	  considerations.	  However,	  this	  situation	  means	  that	  applications	  are	  limited	  to	  
specialist	  markets	  where	  there	  is	  little	  scope	  for	  the	  involvement	  of	  designers.	  
	  
A	  section	  of	   the	  2016	   IDTechEx	  report	  on	  the	  printed	  electronics	   field	  was	  entitled	  
the	  “Urgent	  need	  for	  creative	  product	  design”	  (Das,	  and	  Harrop,	  2015b).	  The	  authors,	  
reflecting	   the	   imbalance	   suggested	   in	   the	   figures	   above,	   point	  out	   that	   companies	  
are	   producing	   components	   but	   are	   not	   following	   through	   to	   the	   design	   and	  
production	  of	  new	  products	  using	  printed	  electronics	  technology.	  As	  the	  title	  of	  the	  
section	   suggests,	   opportunities	   are	   being	   lost	   and	   the	   input	   of	   creative	   product	  
designers	   is	  urgently	  needed.	  This	  highlights	   the	  area	  of	   concern	   for	   this	   research,	  
that	   is,	   the	   importance	   of	   creating	   knowledge	   of,	   and	   confidence	   with,	   this	  
technology	   amongst	   designers,	   to	   allow	   for	   creative	   product	   design	   with	   printed	  
electronics	   to	   flourish.	  Conceivably,	   this	   could	  allow	  printed	  electronics	   technology	  
to	  be	  explored	  to	  its	  full	  potential	  within	  a	  product	  design	  capacity.	  This	  technology	  
is	  full	  of	  potential,	  and	  represents	  a	  great	  opportunity	  for	  industrial	  designers	  and	  to	  
optimise	   its	   benefits	   in	   changing	   the	   form	   of	   products,	   possibly	   creating	   new	  
products,	  enhancing	  sustainability	  and	  how	  we	  see	  electronics.	  However,	  designers	  
are	   often	   not	   aware	   of	   this	   technology,	   having	   a	   perceived	   lack	   of	   exposure.	   If	  
electronics	  are	  to	  move	  on	  from	  conventional	  to	  printed,	  designers	  need	  to	  be	  aware	  
of	  the	  technology	  in	  order	  to	  make	  informed	  decisions	  when	  designing.	  
	  
A	  gap	  in	  knowledge	  emerges	  between	  designers	  and	  printed	  electronics	  technology	  
in	   that	   the	   impact	   of	   printed	   electronics	   technology	   on	   product	   design	   and	   the	  
designer’s	  role	  within	  the	  technology	  has	  not	  yet	  been	  identified.	  Interest,	  however,	  
is	  rapidly	  increasing:	  within	  the	  course	  of	  this	  research,	  there	  have	  been	  several	  new	  
publications	   aiming	   to	   unite	   designers	   and	   the	   technology.	   The	   PrintoCent	  
community	  published	  a	  ‘Designers	  Handbook’	  (2015)	  that	  has	  attempted	  to	  address	  
this	   issue	   by	   “collecting	   essential	   information	   on	   the	   performance,	   availability	   and	  
maturity	   of	   different	   functionalities	   [of	   printed	   electronics];	   presenting	   each	  
technology	   potential	   and	   current	   restrictions;	   and	   giving	   practical	   guide	   lines	   and	  
examples	   toward	   new	   product	   designs”	   (Neficon	   and	   PrintoCent,	   2015,	   p.11).	   This	  
handbook	  was	  produced	  in	  collaboration	  with	  over	  40	  companies	  and	  more	  than	  300	  
experts:	   “…companies,	   start-­‐ups/business	   cases	   in	   training/accelerator	   phase,	  
universities	   and	   research	   institutes”,	   and	   aimed	   to	   be	   ‘one	   effective	   tool’	   for	  
designers	   to	   increase	   their	   awareness	   and	   knowledge.	   However,	   whilst	   this	  
handbook	  shows	  that	  people	  are	  trying	  to	  bring	  together	  this	  information	  on	  printed	  
electronics	  technology	  to	  provide	  a	  handbook	  that	  accurately	  represents	  the	  current	  
state	  of	  maturity	  of	   the	   technology	  with	   regards	   to	  performance	  and	   functionality	  
for	  industrial	  designers	  to	  use,	  no	  single	  assessment	  scale	  was	  established,	  therefore	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meaning	   that	   the	   results	  of	  assessing	   the	   technology	   is	  weak	  due	   to	  no	  consistent	  
assessment	  scale	  being	  used.	  It	  was	  also	  clear	  that	  the	  technology	  was	  assessed	  by	  a	  
range	  of	  different	  individuals	  (due	  to	  the	  writing	  style	  varying	  greatly	  throughout	  the	  
document/handbook),	   and	   appearing	   to	   be	   that	   each	   company	   that	   produced	   a	  
specific	   element	   of	   the	   technology	   assessed	   it	   themselves,	   which	   weakens	   the	  
assessment	   results	   further	   as	   these	   results	   can	   be	   bias	   or	   inaccurate	   as	   it	   was	  
assessed	  by	   individuals	   involved	   in	   that	  particular	  area	  of	   the	  technology.	  This	  also	  
means	  that	  these	  assessment	  results	  are	  inaccurate	  in	  relation	  to	  the	  assessment	  or	  
grading	   of	   all	   of	   the	   other	   elements/areas	   of	   the	   technology	   as	   they	   were	   each	  
carried	  out	  by	  a	  different	  person	  who	  may	  each	  of	  used	  a	  completely	  different,	  or	  
their	  own,	  assessment	  scale.	  This	  means	  that	  whilst	  a	  common	  language	  may	  have	  
been	  used	  to	  describe	  the	  maturity	  of	  different	  aspects	  of	  the	  technology,	  because	  
no	   single	  assessment	   scale	  was	  established	   to	  be	  used	   in	   this	   assessment	  process,	  
everyone	  who	  assessed	  the	  technology	  may	  have	  been	  using	  their	  own	  assessment	  
scale,	   therefore	  making	   the	  assessment	   results	  weak.	  However,	   at	   the	   start	  of	   the	  
PrintoCent	  handbook,	  they	  do	  have	  a	  disclaimer	  stating:	  “this	  composition	   is	  based	  
on	  the	  information	  from	  PrintoCent	  members.	  We	  have	  done	  our	  best	  to	  ensure	  that	  
the	  information	  presented	  in	  the	  Handbook	  is	  correct.	  However,	  no	  representation	  or	  
warranty	  is	  provided	  or	  implied…you	  agree	  that	  by	  using	  this	  Handbook	  you	  assume	  
the	   risk	   of	   all	   loss	   or	   injury	   resulting	   from	   any	   information	   found	   within…This	  
Disclaimer	   shall	   survive	  any	  and	  all	  notices	  advising	  of	   the	  possibility	   that	  any	  user	  
may	  suffer	  harm	  from	  any	  inaccuracies	  contained	  herein.”	  (Neficon	  and	  PrintoCent,	  
2015,	  p.1)	  so	  whilst	   the	  authors	  have	  acknowledged	  that	  they	  are	  purely	  providing	  
the	   information	   that	   was	   provided	   to	   them	   by	   individuals	   in	   the	   PrintoCent	  
community,	   they	  still	  do	  not	  state	  exactly	  what	   they	  have	  done	  to	  ensure	   that	   the	  
information	  presented	  is	  correct,	  but	  they	  do	  make	  the	  reader	  aware	  that	  this	  is	  only	  
a	   guide	   and	   that	   they	   (the	   authors)	   are	   not	   responsible	   for	   any	   financial	   damages	  
etc.	   that	   users	   may	   suffer	   in	   relation	   to	   the	   information	   provided	   within	   the	  
handbook.	  Whilst	  it	  may	  be	  impossible	  to	  determine	  whether	  all	  of	  the	  information	  
within	  the	  handbook	  is	  accurate,	  the	   intentions	  and	  purpose	  behind	  this	  handbook	  
are	   clear	   and	   very	   positive,	   which	   is	   to	   create	   and	   present	   the	   different	   areas	   of	  
printed	   electronics	   in	   a	   handbook	   for	   industrial	   designers,	   so	   that	   they	   can	   learn	  
about,	  engage	  with,	  and	  design	  with	  printed	  electronics	  technology.	  The	  creation	  of	  
the	  PrintoCent	  Designer’s	  Handbook	  publication	  from	  the	  PrintoCent	  community	  has	  
made	   significant	   steps	   forward	   in	   the	   knowledge	   transfer	   of	   printed	   electronics	  
technology	   to	   designers,	   and	   also	   demonstrates	   the	   demand	   for	   designers	   within	  
this	   field.	  PrintoCent	  also	   say	   that	   they	   “will	   create	  and	  produce	   first	  market	   trials	  
2015,	   which	   will	   support	   and	   speed	   up	   the	   trust	   of	   companies	   to	   take	   these	  
technologies	   in	   their	   next	   generation	   of	   products”	   this	   illustrates	   how	   cautious	  
companies	  are	  to	  take	  on	  printed	  electronics	  technology,	  and	  they	  also	  express	  that:	  
“It	  is	  also	  crucial	  to	  get	  industrial	  designers	  involved	  to	  adopt	  the	  form	  factors	  –	  light,	  
transparent,	   flexible,	   bendable	   etc.	   –	   combined	  with	   new	   type	   of	   functionalities	   in	  
indoor	   energy	   production,	   integrated	   lighting,	   autonomous	   smart	   sensor	   systems,	  
disposable	   printed	   diagnostics	   etc.”	   (Neficon	   and	   PrintoCent,	   2015,	   p.2).	   This	  
statement	   shows	   recognition	  of	   the	   importance	  of	   industrial	  designers’	   role	  within	  
this	  printed	  electronics	  field.	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Performance,	   availability	   and	  maturity	   of	   the	   technology	   are	   important	   aspects	   to	  
consider	  and	  the	  handbook’s	   (PrintoCent)	  evaluation	  of	   these	  aspects	   is	  effectively	  
derived	  from	  some	  unspecified	  assessment	  scale.	  Interest	  in	  knowing	  a	  technology’s	  
maturity	   with	   regards	   to	   its	   performance	   and	   functionality	   lies	   not	   only	   with	  
industrial	   designers;	   industry	   and	   academia	   both	   interested	   in	   the	   evaluation	   and	  
progression	   of	   technology,	   and	   contribute	   to	   knowledge,	   as	   they	   are	   both	   often	  
involved	  in	  the	  process	  (Jones,	  2012)	  of	  determining	  a	  technology’s	  ‘readiness’	  using	  
an	  assessment	  scale.	  Such	  a	  scale	  is	  used	  to	  determine	  what	  stage	  of	  development	  a	  
piece	   of	   technology	   is	   at,	   one	   that	   can	   be	   recognised	   by	   all.	   The	   Technology	  
Readiness	  Level	  (TRL)	  scale	  is	  an	  existing	  method	  used	  for	  this	  type	  of	  categorisation,	  
the	   scale	   runs	   from	   1	   to	   9,	   TRL1	   for	   example	   is	   a	   concept,	   and	   TRL9	   is	   ready	   for	  
production	  and	  commercialisation.	  NASA	  created	  the	  first	  TRL	  scale	  concept	  in	  1974	  
(Banke,	  2010).	  However,	  there	  is	  a	  separation	  between	  academia	  and	  industry	  often	  
referred	  to	  the	  ‘Valley	  of	  Death’	  or	  ‘Innovation	  Gap’,	  which	  is	  between	  TRL4	  where	  
the	   process	   is	   validated	   in	   laboratory	   and	   TRL6	   where	   the	   process	   capability	   on	  
production	   equipment	   has	   been	   demonstrated	   (Jones,	   2012).	   Often	   in	   academia,	  
technology	   can	   only	   be	   achieved	   up	   to	   TRL3	   which	   is	   proof	   of	   concept	   research	  
(bench	  scale)	  and	  experimental	  proof	  of	  concept,	  not	  making	  it	  to	  TRL4;	  yet	  industry	  
or	  business	  would	  not	  even	  consider	  the	  technology	  until	  it	  has	  reached	  TRL	  7	  which	  
is	   the	   demonstration	   of	   pre-­‐production	   hardware	   and	   capability	   validated	   on	  
economic	  runs	  (CPI,	  2013a).	  
	  
The	   ideal	  future	  outcome	  of	  this	  research	   in	  relation	  to	  this	  TRL	  separation	   issue	   is	  
that	  industrial	  designers	  will	  help	  to	  bridge	  this	  gap	  between	  academia	  and	  industry.	  
An	   industrial	   designers	   ability	   to	   design	   for	   an	   end	   user,	   to	   develop	   and	   adapt	   a	  
product	  for	  each	  stage	  of	  production	  or	  TRL	  number,	  could	  further	  ensure	  a	  printed	  
electronics	  product’s	  success.	  
	  
This	   research	   focuses	   on	   creating	   a	   knowledge	   framework	   for	   printed	   electronics	  
technology,	   which	   can	   then	   be	   translated	   to	   create	   a	   knowledge	   transfer	   that	   is	  
aimed	   specifically	   at	   industrial	   designers.	   The	   translation	   of	   this	   technology	   into	   a	  
design	   language	   would	   equip	   designers	   with	   accessible	   fundamental	   knowledge,	  
which	   can	   then	   enable	   them	   to	   make	   informed	   decisions	   about	   how	   printed	  
electronics	   can	   be	   used,	   and	   to	   utilise	   their	   benefits	   in	   the	   design	   process.	   The	  
capabilities	  and	  properties	  of	   this	   technology,	  paired	  with	   industrial	  designers,	  has	  
the	   potential	   to	   transform	   the	   designs	   of	   future	   products,	   as	   well	   as	   current	  
approaches	  and	  views	  towards	  design	  with	  electronics.	  
	  
The	   investigation	  begins	  with	  reviewing	  the	  areas	  of:	  designers,	  printing	  processes,	  
printed	   electronics,	   and	   also	   educational	   theories/methods	   for	   designers	   (studying	  
how	  designers	  learn).	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1.1	  Research	  overview	  and	  structure	  
	  
1.1.1	  Research	  aim	  
	  
The	   aim	   of	   the	   research	   is	   to	   explore	   the	   contribution	   of	   printed	   electronics	   to	  
product	   design,	   through	   identifying	   its	   technological	   status	   and	   its	   classifications,	  
and	  methods	  of	  communicating	  the	  technology	  to	  designers	  that	  provides	  them	  with	  
sufficient	  understanding	  to	  then	  utilise	  it	  in	  their	  designs.	  	  
	  
1.1.2	  Research	  objectives	  
	  
The	   objectives	   of	   this	   research	   follow	   a	   similar	   approach	   of	   presenting	   a	   new	  
technology	   to	   that	   of	   Bluetooth	   and	   3D	   printing.	   The	   unique	   and	   key	   aspects	   of	  
promoting	   the	  adoption	  of	  both	  3D	  printing	  and	  Bluetooth	   technologies	  were	   that	  
the	  technology	  needed	  to	  do	  something	  different,	  make	  user’s	   lives	  easier	  or	  more	  
simple,	   it	  needed	   to	  be	  new	  and	  different	   (benefits	   for	  users),	   and	   the	   technology	  
benefits	  needed	  to	  be	  clearly	  communicated	  such	  as	  what	   it	  can	  do,	  how	  it	  can	  be	  
incorporated	  into	  new	  products,	  and	  new	  areas	  of	  functionality	  to	  designers	  so	  that	  
they	  can	  then	  create	  new	  and	  innovative	  product	  development.	  	  
	  
For	  3D	  printing,	   it	  offered	  a	  new	  method	  of	  manufacturing,	  designers	  could	  create	  
forms	   that	  were	  not	  possible	  before,	   it	   became	  more	  affordable	   and	   the	   accuracy	  
and	  precision	  were	  improved	  (Goldberg,	  D.	  2014),	  designers	  could	  use	  it	  to	  produce	  
prototypes	   quickly	   with	   minimal	   outlay	   (time,	   money,	   and	   no	   specific	   tooling	  
needed)	   and	   design	  with	   different	  materials	   at	   the	   same	   time	   using	   the	   same	   3D	  
printing	  machine	  to	  produce	  a	  complete	  product.	  
	  
Bluetooth	   was	   a	   new	   wireless	   technology	   allowing	   for	   communication	   between	  
devices,	   this	   allowed	   for	   added	   functionality	   where	   it	   could	   not	   go	   before,	   which	  
allowed	   designers	   to	   understand	   this	   functionality	   and	   create	   innovative	   products	  
with	  the	  technology	  such	  as	  in	  medical	  devices,	  that	  can	  gather	  and	  send	  data	  to	  a	  
user’s	  phone	  or	  tablet	  using	  Bluetooth	  (Kalan,	  J.,	  2013),	  as	  well	  as	  the	  technology’s	  
original	   function	   defined	   by	   technology	   companies	   that	   were	   to	   enable	   wireless	  
communication	  between	  cellphones	  and	  computers	  (Nordic	  Semiconductor,	  2014).	  	  
	  
Before	   a	  method	  of	   presenting	  printed	  electronics	   technology	   to	  designers	   can	  be	  
established,	   there	   are	   areas	   that	   the	   researcher	   needs	   to	   explore,	   such	   as	  
establishing	   the	   technology’s	   capabilities,	   discover	   how	   the	   technology	  
works/functions	  or	   the	  process	   in	  which	   it	   is	  created,	  what	   the	   technology	  can	  do,	  
what	   the	   benefits	   of	   it	   are,	   how	   it	   differs	   from	  other	   technologies,	   discover	   if	   the	  
technology	  is	  ready	  to	  use,	  and	  if	  all	  areas	  of	  the	  technology	  are	  developed	  enough	  
to	   use.	   These	   areas	   of	   research	   inquiry	   feed	   into	   the	   following	   six	   research	  
objectives.	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The	  six	  objectives	  of	  this	  research	  are	  to:	  
	  
1. Identify	  the	  state	  of	  the	  art	  of	  printed	  electronics	  technology	  
Completing	   a	   literature	   review	   on	   ‘printed	   electronics	   technology’	   allows	   the	  
researcher	   to	   establish	   the	   state	   of	   the	   art	   of	   this	   technology	   through	   gaining	   a	  
broader	   understanding	   of	   the	   existing	   technology,	   the	   different	   areas	   of	   the	  
technology,	   and	   its	   progression	   and	   development	   to	   date.	   A	   literature	   review	   on	  	  
‘impact’	  (approaches	  to	  assessing	  impact	  and	  methods	  of	  judging	  new	  technology)	  is	  
also	   key	   to	   establishing	   the	   state	   of	   the	   art	   of	   this	   technology	   as	   it	   offers	   the	  
researcher	   insights	   into	  how	  others	  discuss	  and	  judge	  new	  technologies	  and	  assess	  
the	  impact	  of	  new	  technologies.	  
	  
2. Engage	   in	   first-­‐hand	   experience	   with	   printed	   electronics	   to	   identify	  
potential	  gaps	  and	  insights	  
Having	  first-­‐hand	  exposure	  to	  the	  technology	  in	  the	  chemistry	  laboratory	  allows	  the	  
researcher	   to	   learn	  more	   about	   the	   technology	   that	   a	   literature	   review	   could	   not	  
provide,	   such	   as	   what	   the	   technology	   looks	   like	   and	   reacts	   when	   its	   substrate	   is	  
deformed	  and	  its	  physical	  properties	  such	  as	  how	  course	  or	  smooth	  the	  ink	  feels	  on	  
the	  substrate	  and	  how	  much	   it	   is	   raised	   in	  comparison	   to	   the	   substrate	  and	   if	   this	  
would	   be	   noticeable	   to	   a	   user,	   how	   it	   reacts	   to	   different	   chemicals,	   testing	   the	  
performance	  of	   the	   technology,	  how	  a	  printed	  electronic	   component	   is	   assembled	  
and	   sealed,	   and	   how	   individuals	   from	   a	   chemistry	   background	   discuss	   and	  
communicate	  the	  technology.	  
	  
3. Generate	   an	   approach	   to	   assess	   the	   impact	   of	   printed	   electronics	   on	  
product	  design	  
Informed	  by	  a	  literature	  review	  on	  ‘printed	  electronics’	  and	  ‘impact’,	  the	  creation	  of	  
two	  strategies	  of	  defining	   the	  different	  areas	  and	  classifications	  of	   the	   technology,	  
and	  an	  approach	  to	  assessing	  the	  development	  of	  the	  technology	  are	  required	  to	  fill	  
the	   gaps	   in	   the	   current	   knowledge	   of	   this	   technology.	   A	   viability	   stage	   to	   follow	  
would	   allow	   the	   researcher	   to	   test	   the	   strategies	   created	   in	   the	   research	   through	  
interviews	  with	  printed	  electronics	  experts	  to	  confirm	  the	  information	  and	  highlight	  
any	  changes	  or	  alterations	  that	  need	  to	  be	  made	  before	  continuing.	  	  
	  
4. Identify	   appropriate	   interventions	   to	   transfer	   knowledge	   of	   printed	  
electronics	  to	  designers	  
A	  literature	  review	  on	  both:	  ‘education’	  including	  educational	  theories/methods	  for	  
designers,	   studying	   how	   designers	   learn,	   explore	   different	   methods	   in	   educating	  
them	  about	  new	  technologies	   is	  key	  for	  the	  researcher	  to	  start	   to	   find	  appropriate	  
methods	   for	   educating	   them	   about	   printed	   electronics	   technology	   (knowledge	  
transfer);	   and	   ‘re-­‐analysing	   past	   case	   studies’	   where	   printed	   electronics	   has	  
previously	   been	   presented	   to	   designers.	   Appropriate	   interventions	   to	   transfer	  
knowledge	  of	  the	  technology	  to	  designers	  can	  be	  identified	  through	  interviews	  held	  
with	  education	  and	  industry	  experts	  who	  have	  previously	  presented	  the	  technology	  
to	   designers	   (further	   investigation	   into	   the	   ‘past	   case	   studies’	   from	   the	   literature	  
review),	   to	   discuss	   how	   others	   have	   previously	   presented	   the	   technology,	   and	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identify	   methods	   and	   approaches	   to	   successfully	   communicate	   the	   technology,	  
teaching	  and	  learning	  strategies.	  
	  
5. Determine	  how	  industrial	  designers	  can	  contribute	  to	  an	   increased	   impact	  
through	  designing	  products	  
Comparing	   the	   outcomes	   from	   the	   educator	   and	   industry	   interviews	   allows	   the	  
researcher	   to	   find	   themes	   from	   the	   data,	   and	   suggest	   methods	   for	   industrial	  
designers	   to	   help	   them	   contribute	   to	   an	   increased	   impact	   through	   designing	  
products.	  
	  
6. Provide	   guidelines	   (that	   are	   extracted	   from	   the	   research	   findings)	   for	   the	  
future	   development	   of	   strategies/tools	   to	   increase	   the	   impact	   of	   printed	  
electronics	  on	  product	  design	  
	  Guidelines	   are	   valuable	   for	   the	   future	   development	   of	   communication	   methods,	  
tools	   and	   strategies	   with	   this	   technology	   aimed	   at	   designers,	   the	   researcher	   can	  
provide	  guidelines	  through	  comparing	  the	  data	  to	  find	  themes,	  and	  determine	  new	  
approaches	  for	  presenting	  printed	  electronics	  technology	  to	  designers.	  	  
	  
1.1.3	  Hypothesis	  
	  
The	   creation	   of	   a	   technology	   framework	   and	   changing	   the	   method	   in	   which	   the	  
technology	  is	  communicated	  to	  designers	  will	  increase	  the	  likeliness	  of	  the	  adoption	  
of	  printed	  electronics	  technology	  in	  product	  design.	  	  
	  
This	  approach	  is	  similar	  to	  the	  adoption	  of	  Bluetooth	  technology,	  as	  the	  creation	  and	  
communication	  of	  the	  benefits	  of	  the	  wireless	  connection	  technology	  increased	  the	  
adoption	   of	   the	   technology,	   as	   it	   allowed	   designers	   to	   understand	   what	   the	  
technology	  can	  do	  and	  create	  new	  innovative	  devices	  that	  were	  not	  possible	  before,	  
such	   as	   small	  medical	   devices	   that	   are	   placed	   on	   a	   patient’s	   forehead	   that	   gather	  
data	  such	  as	  their	  blood	  pressure	  or	  heart	  rate	  and	  then	  use	  Bluetooth	  to	  transmit	  
the	  data	  to	  the	  users	  phone	  or	  tablet	  (Kalan,	  J.,	  2013).	  
	  
	  
1.1.4	  Chapters/sections	  -­‐	  overall	  research	  plan	  
	  
There	  are	  different	  ways	  of	  representing	  the	  aims	  or	  questions	  and	  hypotheses	  of	  a	  
research	   project	   against	   the	   stages	   within	   the	   research.	   One	   method	   was	   of	  
particular	   interest	   (Figure	   1)	   as	   it	   visually	   explains/shows	   where	   the	   research	  
questions	  are	  addressed	  in	  the	  different	  stages	  of	  the	  study,	  resulting	  in	  a	  clear	  and	  
concise	   method	   of	   communicating	   this	   information	   and	   helps	   the	   reader	   when	  
navigating	  the	  research	  (Blessing,	  and	  Chakrabarti,	  2009.	  pp.	  67).	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Figure	  1	  -­‐	  Aims	  against	  stages,	  after	  Eriksson	  in	  2007	  
(Blessing,	  and	  Chakrabarti,	  2009.	  p.	  68)	  
	  
	  
This	  figure/method	  (Figure	  1)	  was	  then	  adapted	  for	  this	  research	  (Figure	  2)	  to	  display	  
the	   research	   objectives	   against	   the	   chapters/sections	   of	   this	   research	   in	   order	   to	  
more	  clearly	  show	  which	  objectives	  are	  addressed	  in	  which	  chapters/sections.	  	  
	  
In	  the	  literature	  review,	  three	  main	  topics	  are	  covered:	  1)	   ‘printed	  electronics’	  (the	  
technology	   itself),	   2)	   ‘impact’	   (approaches	   to	   assessing	   impact	   and	   methods	   of	  
judging	  new	  technology)	  because	   together	   they	  will	   identify	   the	  state	  of	   the	  art	  of	  
printed	   electronics	   technology,	   and	   3)	   ‘education’	   -­‐	   educational	   theories/methods	  
for	  designers	  -­‐	  studying	  how	  designers	  learn,	  explore	  different	  methods	  in	  educating	  
them	  about	  new	  technologies,	  and	  start	  to	  find	  appropriate	  methods	  for	  educating	  
them	  about	  printed	  electronics	   technology.	   The	   immersive	  pilot	   study	   is	   first-­‐hand	  
experience	   with	   or	   exposure	   to	   printed	   electronics	   technology	   in	   the	   Chemistry	  
Laboratory,	  and	  helps	  the	  researcher	  to	  identify	  any	  potential	  gaps	  and	  insights	  into	  
the	   technology,	   and	   helps	   to	   inform	   the	   next	   studies	   within	   this	   research.	   Two	  
strategies	   (TRL	  approach	  and	   taxonomy)	  are	   created	   to	   fill	   the	  gaps	   in	   the	   current	  
knowledge	   of	   this	   technology.	   A	   viability	   stage	   within	   the	   TRL	   approach	   and	  
taxonomy	  chapter	  follows	  this	  to	  test	  the	  strategies	  created	  with	  printed	  electronics	  
experts	  through	  semi-­‐structured	  interviews	  to	  confirm	  the	  information	  and	  highlight	  
any	  changes	  or	  alterations	  that	  need	  to	  be	  made	  before	  continuing.	   Interviews	  are	  
held	   with	   education	   and	   industry	   experts	   to	   discuss	   how	   others	   have	   previously	  
presented	  the	  technology	  to	  designers,	   in	  order	  to	  identify	  methods	  to	  successfully	  
communicate	   the	   technology	   -­‐	   approaches	   for	   presenting	   printed	   electronics	  
technology	   to	   designers	   /	   teaching	   and	   learning	   strategies.	   In	   the	   educating	  
designers	   about	   printed	   electronics	   chapter,	   through	   comparing	   the	   data	   to	   find	  
themes,	   new	   approaches	   are	   determined	   for	   presenting	   printed	   electronics	  
technology	   to	   designers.	   How	   industrial	   designers	   can	   contribute	   to	   an	   increased	  
impact	  through	  designing	  products	  is	  determined	  in	  the	  discussions	  and	  conclusions	  
chapters.	   In	   the	   discussion	   section	   the	   outcomes	   from	   the	   educator	   and	   industry	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interviews	   were	   compared	   and	   themes	   found	   from	   the	   data.	   In	   the	   conclusion	  
section,	   methods	   are	   suggested	   for	   industrial	   designers	   in	   order	   to	   help	   them	  
contribute	  to	  an	  increased	  impact	  through	  designing	  products.	  
	  
	  
	  
Figure	  2	  -­‐	  Chapters/Sections	  of	  Doctoral	  Research	  and	  Research	  Objectives	  –	  Overall	  
Research	  Plan	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2.0	  Literature	  review	  
	  
2.1	  Introduction	  
	  
A	   literature	   review	   is	   an	   essential	   part	   of	   academic	   research	   as	   it	   allows	   the	  
researcher	   to	   be	   aware	   of	   “what	   is	   already	   known”	   (Robson,	   2011,	   p.51)	   that	   has	  
been	  written	  down	  and	   is	   relevant	   to	   the	   research	  project.	   In	  order	   to	  carry	  out	  a	  
literature	  review,	  the	  researcher	  needs	  to	  systematically	  identify,	  locate	  and	  analyse	  
documents,	   which	   contain	   related	   information	   to	   the	   research	   problem	   (Robson,	  
2011,	   p.51).	   The	   topics	   that	   need	   to	   be	   covered	   are:	   ‘printed	   electronics’	   (the	  
technology	   itself)	   and	   ‘impact’	   (approaches	   to	   assessing	   impact	   and	   methods	   of	  
judging	  new	  technology)	  because	   together	   they	  will	   identify	   the	  state	  of	   the	  art	  of	  
printed	  electronics	  technology.	  By	  looking	  at	  the	  existing	  approaches	  to	  technology	  
readiness	  will	  determine	  how	  technology	  is	  currently	  judged/categorised.	  As	  printed	  
electronics	   is	  a	   fairly	  new	  technology,	   it	  has	  not	  yet	  been	  evaluated	   in	  this	  way,	  so	  
there	   is	  a	  need	   for	  an	  objective	  system	   in	  order	   to	  objectively	  measure	  how	  ready	  
this	   technology	   is.	   This	   research	   begins	   with	   a	   review	   of:	   designers,	   printing	  
processes,	  printed	  electronics,	  and	  also	  educational	  theories/methods	  for	  designers	  
(studying	  how	  designers	  learn).	  
	  
	  
2.2	  Design	  	  
	  
Heskett	   (1980)	   described	   the	  nature	   of	   the	   process	   of	   design	   as	   “infinitely	   varied”	  
and	   therefore	   very	   difficult	   to	   define	   or	   summarise	   in	   a	   simple	   formula.	   Heskett	  
explains	  how	  it	  can	  be	  the	  work	  of	  a	  team	  of	  people	  working	  co-­‐operatively,	  or	  the	  
work	  of	  one	  person,	  and	  it	  can	  stem	  from:	  a	  burst	  of	  creative	  intuition,	  a	  calculated	  
judgement	   based	   on	  market-­‐research	   investigations	   or	   technical	   data,	   or	   even	   be	  
determined	   by	   an	   individual’s	   personal	   taste	   (Heskett,	   J.,	   1980,	   p.10).	   Heskett’s	  
description	   is	  quite	  varied	  and	  broad,	  whereas	  Grinyer’s	  opinion	  of	  design	   is	  much	  
more	  systematic	  than	  that	  of	  Heskett’s,	  as	  Grinyer	  identifies	  design	  as	  not	  being	  just	  
about	   an	   individual	   designer,	   but	   about	   a	   whole	   compilation	   of	   events	   and	   aims,	  
processes	  and	  people	  (Grinyer,	  2001,	  p.	  158).	  
	  
Cross’	  (1984)	  definition	  of	  designing	  is	  more	  materialistic	  than	  definitions	  of	  Heskett	  
(1980)	   or	   Grinyer	   (2001),	   as	   it	   focuses	   on	   the	   final	   design	   output	   rather	   than	   the	  
process	  itself.	  Cross	  (1984)	  discussed	  the	  nature	  of	  designing:	  “A	  key	  element	  in	  the	  
act	  of	  designing	   is	  the	  formulation	  of	  a	  prescription	  or	  model	  for	  a	  finished	  work	   in	  
advance	   of	   its	   embodiment”	   and	   described	   defining	   design	   as	   “not	   only	   a	  
prescription	   or	   model,	   but	   also	   the	   embodiment	   of	   the	   design	   as	   an	   artefact,	   are	  
essential	  to	  the	  definition	  of	  designing”	  so	  Cross	  believed	  that	  in	  order	  for	  something	  
to	   be	   classed	   as	   ‘design’	   an	   artefact	   must	   be	   achieved	   (Cross,	   N.,	   1984,	   p.58).	   In	  
today’s	   world,	   Cross’	   definition	   appears	   dated,	   as	   there	   are	   whole	   design	   sectors	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that	   are	   not	   based	   around	   producing	   artefacts,	   the	   outputs	   are	   digital	   such	   as	  
graphics	  based	  disciplines	  with	  outputs	  such	  as	   logo	  design,	  or	  website	  design,	  and	  
other	   design	   sectors	   such	   as	   service	   design	   that	   focus	   on	   the	   planning	   and	  
organisation	   of	   people,	   which	   are	   communication	   and	   interaction	   based.	   Jones	  
(1992)	   identified	   what	   the	   traditional	   objective	   of	   a	   designer	   was:	   “to	   produce	  
drawings	  for	  the	  approval	  of	  his	  client	  and	  for	  the	  instruction	  of	  manufactures”	  and	  
then	   Jones	  defined	  designing	   as	   “the	   initiation	  of	   change	   in	  man-­‐made	   things”,	   so	  
Jones	  appears	  to	  also	  hold	  great	  emphasis	  on	  the	  final	  design	  output	  which	  is	  similar	  
to	  Cross’	   (1984)	  definition,	   but	  with	   a	  different	   emphasis	   being	  on	  how	   the	  act	  of	  
designing	   can	   initiate	   change,	   rather	   than	   just	   the	   final	   design	   output	   itself.	   Jones	  
describes	   that	   this	   implies	   that	   there	   are	   “other	   objectives	   that	  must	   be	   achieved	  
before	   drawing	   can	   be	   completed,	   or	   even	   started”	   also	   that	   designers	   therefore	  
need	  to	  be	  able	  to	  “predict	  the	  ultimate	  effects	  of	  their	  proposed	  design	  as	  well	  as	  
specifying	  the	  actions	  that	  are	  needed	  to	  bring	  these	  effects	  about”	  and	  that	  it	  is	  the	  
process	  of	  bringing	  about	  change	  (Jones,	  J.,	  1992,	  p.6).	  
	  
Jones	  (1992)	  describes	  that	  ‘designing’	  is	  a	  hybrid	  activity	  that	  blends	  the	  three	  areas	  
of:	   art,	   science,	   and	   mathematics.	   Jones	   explains	   that	   firstly,	   designers	   need	   an	  
artistic	   approach	   to	   “find	   their	   way	   through	   a	   vast	   number	   of	   alternatives	   while	  
searching	   for	   a	   new	   and	   consistent	   pattern	   upon	   which	   to	   base	   their	   decisions”.	  
Secondly,	  designers	  need	  “scientific	  doubt	  and	  the	  ability	  to	  observe	  the	  results	  of	  a	  
controlled	   experiment”	   as	   they	   need	   to	   know	   about	   the	   present	   before	   they	   can	  
create	  future	  designs.	  Thirdly,	  designers	  need	  the	  mathematician’s	  method	  in	  order	  
to	  find	  “the	  best	  solution	  to	  a	  problem	  that	  has	  already	  been	  defined”	  by	  “stating	  his	  
assumptions	  in	  a	  few	  abstract	  symbols,	  and	  then	  manipulating	  the	  symbols	  to	  find	  a	  
solution,	   is	  usable	  by	  designers	  only	  to	  the	  extent	  that	  the	  problem	  is	  stable	  and	  its	  
assumptions	  are	  not	  going	  to	  be	  changed	  in	  order	  to	  resolve	  conflicts	  between	  aims	  
and	   details”	   (Jones,	   J.,	   1992,	   p.10-­‐12).	   Cross	   et	   al.	   (1996)	   also	   recognised	   the	  
complexity	  of	  the	  design	  process,	  and	  define	  ‘design	  activity’	  as	  encompassing	  “some	  
of	   the	  highest	   cognitive	  abilities	  of	  human	  beings”	   (Cross,	  N.,	   et	   al.	   1996,	  p.1)	   and	  
that	   this	   includes	   the	   three	   different	   areas	   of:	   “creativity,	   synthesis	   and	   problem	  
solving”	  (Cross,	  N.,	  et	  al.	  1996,	  p.1).	  
	  
Focussing	   on	   the	   word	   ‘design’	   Erlhoff	   and	  Marshall	   (2008)	   explain	   that	   it	   comes	  
from	   the	   Latin	  word	   ‘designare’	   that	  means	   to	   describe,	   define,	   or	  mark	   out;	   and	  
that	  through	  history,	  ‘design’	  shifted	  from	  a	  general	  term	  that	  described	  a	  number	  of	  
human	  activities,	  to	  its	  current	  status	  being	  a	  professional	  practice.	  They	  discuss	  how	  
‘design’	  is	  a	  word	  that	  exists	  in	  most	  cultures	  and	  languages,	  with	  the	  exact	  meaning	  
of	   the	   word	   reflecting	   specific	   cultural	   biases	   and	   characteristics.	   They	   provide	  
examples	  of	  the	  differences	  of	  definitions	  for	  ‘design’:	  “In	  German,	  design	  primarily	  
relates	  to	  the	  creation	  of	   form	  while	   in	  English	  the	  term	  is	  more	  broadly	  applied	  to	  
include	  the	  conception	  –	  the	  mental	  plan	  –	  of	  an	  object,	  action,	  or	  project”	  (Erlhoff,	  
M.,	   and	   Marshall,	   T.,	   2008,	   p.104).	   So	   the	   definition	   and	   meaning	   of	   the	   word	  
‘design’	   can	   be	   extremely	   varied	   dependant	   on	   cultures,	   languages	   and	   even	   by	  
country,	  as	  Erlhoff	  and	  Marshall	  (2008)	  explained.	  However,	  this	  may	  also	  mean	  that	  
there	  are	  further	  complications	  related	  to	  this	  when	  it	  comes	  to	  design	  as	  its	  status	  
now	   being	   a	   professional	   practice,	   as	   varied	   definitions	   of	   the	   word	   ‘design’	   may	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directly	   relate	   to	   what	   is	   expected	   of	   a	   designer	   in	   this	   line	   of	   profession.	   This	  
expectation	   of	   a	   designer	   may	   vary	   greatly	   between	   cultures,	   languages,	   and	  
countries,	  this	  could	  potentially	  result	   in	  cases	  where	  a	  professional	  designer’s	  skill	  
set	   is	  valued	   in	  one	  country,	  but	  not	   in	  another	  country.	   In	  contrast	   to	  Erlhoff	  and	  
Marshall’s	  (2008)	  definition	  of	  design,	  Cuffaro’s	  (2013)	  definition	  appears	  to	  have	  a	  
more	  simplistic	  and	  focussed	  approach,	  with	  identifying	  ‘design’	  as	  being	  to	  “devise	  
or	  create	  for	  a	  specific	  purpose	  or	  function”	  (Cuffaro,	  2013,	  p.252).	  
	  
Designers	  may	   also	   be	   seen	   as	   problem	   solvers,	   as	   Eger	   et	   al	   (2013)	   discuss	   their	  
views	  on	  designers	  and	  designing,	  saying	  “Designers	  solve	  problems	  –	  problems	  that	  
are	  an	  issue	  at	  the	  time	  of	  their	  solution”	  and	  that	  “Designing	  is	  a	  process	  of	  trial	  and	  
error”	  (Eger,	  A.,	  et	  al.	  2013.	  pp.	  1-­‐2).	  They	  also	  build	  on	  their	  statements,	  explaining	  
how	   over	   time	   the	   ‘problems’	   change	   and	   new	   materials	   and	   techniques	   are	  
invented,	  and	  new	  production	  methods	  developed.	  They	  also	  say	  that	  by	  selecting	  a	  
solution,	   the	   designer	   may	   in	   fact	   create	   new	   problems	   in	   years	   to	   come.	   They	  
describe	   the	  designing	  and	  development	  process	  as	  being	   ‘trial	   and	  error’	   through	  
testing	  their	  solutions,	  as	  designers	  do	  not	  know	  if	  their	  solutions	  will	  work.	  Eger	  et	  
al	  discuss	  that	  designers	  ‘trial’	  by	  using	  a	  scale	  model	  or	  a	  test	  model,	  and	  that	  the	  
‘error’	   is	   when	   their	   solution	   is	   proven	   not	   to	   work,	   in	   order	   to	   try	   and	   think	   of	  
solutions	  for	  the	  problems	  presented	  to	  them	  (Eger,	  A.,	  et	  al.	  2013.	  pp.	  1-­‐2).	  From	  a	  
similar	   perspective	   to	   that	   of	   Eger	   et	   al	   (2013)	   in	   their	   discussion	   on	   the	   idea	   of	  
designers	   solving	   ‘problems’	   but	   those	   ‘problems’	   only	   being	   an	   issue	   at	   that	  
moment	  in	  time,	  Dent	  and	  Sherr	  (2014)	  discuss	  how	  designing	  and	  final	  designs	  can	  
reflect	   the	   moment	   of	   time	   in	   which	   they	   are	   created.	   Dent	   and	   Sherr	   (2014)	  
describe:	   “The	   act	   of	   designing,	   and	   the	   final	   designed	   product,	   make	   a	   cultural	  
statement,	   one	   that	   refers	   to	   a	  way	   of	   life,	   how	  we	   engage	  with	   the	  world	   as	  we	  
move	  through	  each	  day.	  In	  this	  broad	  sense,	  design	  is	  a	  dynamic	  process	  that	  reflects	  
and	  shapes	  our	  existence,	  providing	  a	  bridge	  between	  creativity	  and	  consumption.”	  
They	  also	  discuss	  how	  companies	  see	  design	  as	  being	  integral	  to	  how	  they	  operate	  as	  
it	  facilitates	  creativity	  and	  innovation	  which	  allows	  them	  to:	  “deliver	  better	  products,	  
and	   ultimately	   a	   better	   quality	   of	   life,	   to	   their	   customers”	   (Dent,	   A.	   and	   Sherr,	   L.,	  
2014,	  p.7).	  Eger	  et	  al	  (2013)	  discussed	  the	  idea	  of	  designers	  being	  seen	  as	  problem	  
solvers,	  but	  also	  that	   it	   is	  not	  always	  clear	  what	  the	  best	  approach	  to	  this	  problem	  
solving	  process	   is,	  and	  how	  to	  achieve	  the	  best	  end	  solution,	  and	  Eger	  et	  al	   (2013)	  
describe	   this	   design	   process	   as	   trial	   and	   error.	   However,	   Dent	   and	   Sherr	   (2014)	  
address	   this	   ‘problem	   solving’	   perspective	   in	   relation	   to	   design	   from	   a	   perceived	  
linear	  and	  repeatable	  process	  perspective	  but	  also	  how	  a	  designer	  can	  change	  this	  to	  
be	   much	   more	   effective.	   Dent	   and	   Sherr	   explain	   how	   most	   people	   would	   define	  
design	  as	  being	   “problem	  solving;	  as	  a	  way	  of	   improving	   the	  human	  condition	  and	  
iteratively	  making	  the	  world	  a	  better	  place.	  Here,	  the	  design	  process	  follows	  a	  more-­‐
or-­‐less	   agreed-­‐upon	   methodology:	   Research	   and	   discovery,	   insight	   gathering,	  
problem	   definition,	   idea	   development,	   refinement,	   and	   finally	   production”,	   they	  
describe	  how	   this	   design	  process	   seems	   to	  be	   ‘linear’	   and	   ‘repeatable’,	   but	   that	   it	  
can	   be	   much	   more	   effective	   if	   the	   designer	   thinks	   about	   creating	   a	   product	   by	  
“focusing	  in	  on	  their	  [the	  product’s]	  intrinsic,	  as	  opposed	  to	  extrinsic,	  demands”,	  and	  
therefore	  having	  the	  ability	  to	  “innovate	  in	  a	  way	  that	  came	  from	  within;	  that	  didn’t	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show	   the	   hand	   of	   the	   designer,	   but	   instead	   surfaced	   the	   unique	   properties	   of	   the	  
product”	  (Dent,	  A.	  and	  Sherr,	  L.,	  2014,	  p.10).	  
	  
In	  the	  context	  of	  this	  thesis,	  design	  is	  understood	  to	  be	  the	  act	  of	  devising	  or	  creating	  
for	  a	  specific	  purpose	  or	  function	  (Cuffaro,	  2013)	  that	   involves	  creativity,	  synthesis,	  
and	  problem	  solving	  (Cross,	  N.,	  et	  al.	  1996).	  The	  nature	  of	  the	  design	  process	  can	  be	  
variable	  and	  therefore	  very	  difficult	  to	  define	  or	  summarise	  in	  a	  simple	  formula;	  as	  it	  
can	   range	   from	  a	   team	  of	   people	  working	   together,	   to	  one	  person	  working	   alone,	  
and	   can	   stem	   from	   a	   burst	   of	   creative	   intuition,	   a	   calculated	   judgement	   based	   on	  
market-­‐research	   investigations	   or	   technical	   data,	   or	   even	   be	   determined	   by	   an	  
individual’s	  personal	  taste	  (Heskett,	  1980)	  and	  it	  can	  involve	  a	  whole	  compilation	  of	  
events	  and	  aims,	  processes	  and	  people	  (Grinyer,	  2001,	  p.	  158).	  Design	  is	  a	  dynamic	  
process,	  which	  can	  involve	  an	  amount	  of	  trial	  and	  error	  (Eger,	  A.,	  et	  al.	  2013)	  in	  order	  
to	  fully	  explore	  design	  solutions,	  and	  the	  design	  solutions	  or	  outputs	  can	  reflect	  and	  
shape	  our	  existence,	  as	  they	  can	  make	  cultural	  statements	  with	  references	  to	  a	  way	  
of	  life	  and	  how	  we	  engage	  with	  the	  world	  (Dent,	  A.	  and	  Sherr,	  L.,	  2014).	  
	  
	  
2.2.1	  Product	  design	  
	  
A	  product	  is	  “something	  sold	  by	  an	  enterprise	  to	  its	  customers”	  (Ulrich,	  and	  Eppinger,	  
2012,	   p.2).	   Grinyer	   identifies	   that	   products	   are	   designed	   to	   enable	   people	   to	   do	  
more	  and	  also	  assist	  us.	  They	  are	  tools	  for	  relaxing,	  working	  and	  learning,	  becoming	  
part	  of	  our	  everyday	  lives.	  They	  link	  functionality	  and	  companionship	  (Grinyer,	  2001,	  
p.	   11)	   talking	   about	  how	  design	  has	  been	   ‘integrated	   into	   their	   behaviour’	   for	   the	  
user	  to	  discover	  when	  they	  use	  the	  products.	  	  
	  
Design	  and	  the	  products	  that	  result	  can	  be	  characterised	  in	  many	  ways,	  as	  Dent	  and	  
Sherr	  discussed,	  products	  can	  be	  seen	  as	  ‘shadows	  of	  systems’	  as	  the	  “embodiments	  
that	   rest	   on	   the	   interconnected	   shoulders	   of	   so	   many	   elements	   of	   extraction,	  
manufacture,	  shipping,	  usage,	  behavior,	  economics,	  and	  culture”;	  or	  even	  as	   ‘props	  
in	   an	   experience’	   in	   that	   they	   are	   “mediating	   interactions	   in	   ways	   as	   subtle	   as	   a	  
couple	  of	  coffee	  cups	  changing	  the	  character	  of	  a	  “meeting”	  from	  official	  to	  social”	  
(Dent,	  A.	  and	  Sherr,	  L.,	  2014,	  p.9).	  
	  
Product	  design	  has	  been	  defined	  as	  “The	  determination	  and	  specification	  of	  the	  parts	  
of	   a	   product	   and	   their	   interrelationship	   so	   that	   they	   become	   a	   unified	   whole”	  
(McGraw-­‐Hill,	  2003).	  In	  an	  earlier	  addition	  of	  McGraw-­‐Hill’s	  dictionary,	  the	  term	  was	  
expanded	   further	   than	   this	   concise	   sentence	  definition:	   “The	  design	  must	   satisfy	  a	  
broad	   array	   of	   requirements	   in	   a	   condition	   of	   balanced	   effectiveness.	   A	   product	   is	  
designed	  to	  perform	  a	  particular	  function	  or	  set	  of	  functions	  effectively	  and	  reliably,	  
to	  be	  economically	  manufacturable,	  to	  be	  profitably	  salable,	  to	  suit	  the	  purposes	  and	  
the	  attitudes	  of	  the	  consumer,	  and	  to	  be	  durable,	  safe,	  and	  economical	   to	  operate.	  
For	   instance,	   the	  design	  must	   take	   into	   consideration	   the	  particular	  manufacturing	  
facilities,	   available	   materials,	   know-­‐how,	   and	   economic	   resources	   of	   the	  
manufacturer.	  The	  product	  may	  need	  to	  be	  packaged;	  usually	  it	  will	  also	  need	  to	  be	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shipped	  so	  that	   it	  should	  be	   light	   in	  weight	  and	  sturdy	  of	  construction.	  The	  product	  
should	  appear	   significant,	   effective,	   compatible	  with	   the	   culture,	   and	  appear	   to	   be	  
worth	  more	  than	  the	  price”	  (McGraw-­‐Hill,	  2002).	  
	  
Hannah	   (2004)	  describes	  product	  design	  as	   “a	   team	  sport”	  as	  designers	  work	  with	  
programmers,	   marketing	   specialists,	   and	   engineers	   in	   order	   to	   then	   “create	   the	  
physical	  form	  of	  products”.	  Hannah	  also	  explained	  that	  the	  people	  who	  founded	  the	  
product	  design	  profession	  were	  not	  product	  designers,	  in	  fact	  they	  came	  from	  a	  wide	  
range	  of	  backgrounds	  such	  as	  architecture,	  set	  design,	  furniture	  design,	  salespeople,	  
and	   engineering,	   which	   makes	   it	   confusing	   and	   difficult	   to	   define	   as	   it	   is	   such	   a	  
‘hybrid’,	   Hannah	   explained	   further:	   “It’s	   also	   confusing	   because	   its	   practitioners	  
rarely	  confine	  themselves	  to	  designing	  a	  single	  type	  of	  product”	  	  (Hannah,	  B.,	  2004.	  
pp.	  x-­‐xi).	  Hannah	  defines	  product	  design,	  and	  product	  designers	  as:	  
“Product	   design	   is	   really	   about	   making	   stuff	   –	   that	   is,	   transforming	  
information	  about	  a	  problem,	  relayed	  by	  the	  consumer,	  the	  manufacturer,	  the	  
engineer,	   the	   salesman,	   the	   marketer,	   and	   the	   client,	   into	   a	   solution	   that	  
satisfies	   everyone	  …	  Product	  designers	  draw,	  manipulate	   computers,	   sculpt,	  
build	   models,	   and	   with	   myriad	   other	   skills,	   communicate	   their	   three-­‐
dimensional	   ideas	   to	   the	   world.	   Product	   design	   is	   a	   performing	   art.	   Many	  
designers	  think	  of	  their	  products	  as	  gifts	  –	  gifts	  that	  perform	  functions	  and	  at	  
the	  same	  time	  are	  beautiful.”	  (Hannah,	  B.,	  2004.	  pp.	  x-­‐xi).	  
	  
Slack	  (2006)	  provides	  a	  definition	  of	  ‘product	  design’	  as:	  “Product	  design	  is	  a	  generic	  
term	  for	  the	  creation	  of	  an	  object	  that	  originates	  from	  design	  ideas	  –	  in	  the	  form	  of	  
drawings,	   sketches,	   prototypes,	   or	  models	   –	   through	   a	   process	   of	   design	   that	   can	  
extend	  into	  the	  object’s	  production,	  logistics,	  and	  marketing”	  but	  also	  that	  this	  term	  
is	   ambiguous	   and	   “blurs	   the	   boundaries	   between	   specialist	   fields	   of	   lighting,	  
furniture,	  graphic,	  fashion,	  and	  industrial	  design”	  (Slack,	  L.,	  2006.	  p.6).	  
	  
Erlhoff	  and	  Marshall	  define:	  “Product	  design	  is	  a	  practice	  that	   involves	  the	  creation	  
of	  objects	   that	  are	  simultaneously	   functional	  and	  aesthetic.	  These	  products	  are	  not	  
limited	   to	  a	   specific	   status,	  but	  extend	   from	  the	  mundane,	  everyday	  artifact	   to	   the	  
exotic	  luxury	  item”	  (Erlhoff,	  M.,	  and	  Marshall,	  T.,	  2008,	  p.309).	  Erlhoff	  and	  Marshall	  
build	   on	   this	   by	   explaining	   that	   in	   order	   to	   achieve	   product	   design,	   the	   product	  
designers	  themselves:	  “often	  need	  to	  manage	  a	  wide	  range	  of	  expertise”;	  which	  may	  
include	  areas	  such	  as	  manufacturing	   techniques,	  marketing	  strategies,	  ergonomics,	  
cultural	  awareness,	  engineering	  methods,	  aesthetic	   judgement,	  and	  environmental	  
issues	  (Erlhoff,	  M.,	  and	  Marshall,	  T.,	  2008,	  p.310).	  
	  
Rodgers	   and	   Milton	   (2011)	   identified	   product	   design	   as	   blurring	   specialist	   areas	  
boundaries,	   such	   as	   furniture,	   fashion,	   graphic,	   interaction,	   lighting,	   and	   industrial	  
design.	  Describing	  product	  design	  as	  being	  about	  ‘enriching	  quality	  of	  life’,	  that	  it	  is	  a	  
way	  of	  answering	  unmet	  needs,	  offer	  new	  ways	  of	  critically	  engaging	  with	  objects,	  or	  
improving	  appearance	  and	  function.	  Rodgers	  and	  Milton	  sum	  product	  design	  up	  as	  
fundamentally	  being	  about	  “making	  things	  better”,	  encompassing	  consumers,	  users,	  
business	  and	  the	  world	  (Rodgers,	  and	  Milton,	  2011,	  p.6).	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Dent	   and	   Sherr	   (2014)	   discuss	   that	   the	   field	   of	   product	   design	   can	   be	   viewed	   as	  
either	   ‘very	  old’	   if	   referring	  to	   ingenuity	  and	   invention,	  or	   ‘very	  new’:	  “If,	  however,	  
you	  define	  product	  design	  as	  “industrial	  design”	  –	  one	  of	  the	  official	  monikers	  of	  its	  
study	   and	   practice	   –	   then	   we’re	   only	   talking	   several	   decades”.	   They	   provide	   a	  
primary	  definition	  of	  the	  practice	  being	  “to	   innovate,	  through	  a	  repeatable	  process	  
of	   design,	   new	   and	   notable	   objects	   that	   marry	   form,	   function,	   engineering,	  
aesthetics,	  and	  business	  viability”	  (Dent,	  A.	  and	  Sherr,	  L.,	  2014,	  p.9).	  
	  
Product	   design	   is	   a	   design	   profession	   and	   often	   blurs	   the	   boundaries	   of	   specialist	  
fields	  (Slack,	  L.,	  2006,	  Rodgers,	  and	  Milton,	  2011)	   including	   industrial	  design	  (Slack,	  
L.,	  2006)	  and	  is	  sometimes	  defined	  as	  industrial	  design	  (Dent,	  A.	  and	  Sherr,	  L.,	  2014).	  
However,	   in	   the	   context	   of	   this	   thesis,	   product	   design	   is	   understood	   to	   be	   the	  
creation	   of	   objects	   that	   are	   simultaneously	   aesthetic	   and	   functional.	   In	   order	   to	  
achieve	   product	   design,	   designers	   need	   to	   consider	   areas	   such	   as	   manufacturing	  
techniques,	   marketing	   strategies,	   ergonomics,	   cultural	   awareness,	   engineering	  
methods,	  aesthetic	  judgement,	  and	  environmental	  issues	  (Erlhoff,	  M.,	  and	  Marshall,	  
T.,	  2008).	  Product	  design	  is	  considered	  a	  generic	  term	  for	  “the	  creation	  of	  an	  object	  
that	  originates	  from	  design	  ideas”	  (Slack,	  L.,	  2006.	  p.6)	  and	  the	  act	  of	  product	  design	  
is	  for	  designers	  to	  use	  their	  range	  of	  design	  skills	  (Slack,	  L.,	  2006,	  Hannah,	  B.,	  2004)	  
to	  transform	  information	  about	  a	  problem,	  which	  is	  often	  identified	  by	  others,	  into	  a	  
solution	  that	  satisfies	  everyone	  (Hannah,	  B.,	  2004).	  
	  
	  
2.2.2	  Industrial	  design	  
	  
Ulrich	   and	   Eppinger	   (2012)	   identified	   that	   the	   birth	   of	   industrial	   design	   (ID)	   traces	  
back	  to	  the	  early	  1900s	  in	  Western	  Europe;	  it	  was	  traced	  back	  through	  the	  actions	  of	  
several	   companies,	   including	   AEG	   (a	   large	   electrical	   manufacturer)	   and	   several	  
German	   companies	   as	   they	   commissioned	   many	   architects	   and	   craftspeople	   to	  
design	   various	   products	   for	   manufacture.	   These	   first	   steps	   helped	   to	   shape	   and	  
influence	  what	  industrial	  design	  is	  known	  as	  today.	  Early	  European	  approaches	  to	  ID	  
believed	  go	  further	  than	  just	  functionalism	  (e.g.	  Bauhaus	  movement);	  they	  saw	  the	  
worth	  in	  precision,	  economy,	  simplicity	  and	  geometry	  in	  the	  design	  of	  products,	  the	  
importance	  of	  designing	  ‘from	  the	  inside	  out’	  and	  that	  form	  should	  follow	  function.	  
In	   the	   United	   States	   (U.S.),	   they	   employed	   engineers	   and	   architects,	   and	   in	   their	  
early	  ID	  concepts	  they	  contrasted	  from	  this	  employing	  artist-­‐illustrators	  and	  theatre	  
designers.	   This	   lead	   to	   the	   U.S.	   design	   often	   ignoring	   the	   inside	   of	   a	   product,	   its	  
exterior	   was	   all	   that	   mattered,	   focusing	   purely	   on	   the	   service	   of	   advertising	   and	  
sales.	  In	  the	  1930s,	  examples	  of	  these	  non-­‐functional,	  aerodynamic	  shapes	  to	  create	  
appeal	  were	  varied,	  from	  baby	  buggies	  to	  fountain	  pens	  (Ulrich,	  and	  Eppinger,	  2012,	  
pp.	  209-­‐210).	  A	  later	  example	  of	  the	  contrast	  between	  European	  and	  U.S.	  design	  was	  
in	  the	  1950s	  with	  the	  auto	  industry,	  automobiles	  being	  overly	  decorated	  in	  the	  U.S.	  
with	   chrome	   teeth	   and	   tailfins,	   which	   were	   non-­‐functional;	   whilst	   European	  
automobiles	  were	   smooth	   and	   fairly	   simple.	   By	   the	   1970s,	   American	   ID	   had	   been	  
strongly	   influenced	   by	   European	   design	   (Ulrich,	   and	   Eppinger,	   2012,	   pp.	   209-­‐210),	  
due	  to	  competition	  in	  the	  marketplace,	  forcing	  companies	  to	  enhance	  their	  products	  
	   19	  
to	   create	   their	   own	  way	   to	   differentiate	   themselves	   from	   others,	   taking	   products	  
beyond	   just	   their	   shape	  and	  appearance.	   Industrial	  design	  was	  widely	  practiced	  by	  
2000	  in	  the	  U.S.	  by	  professionals,	  with	  a	  huge	  range	  of	  diverse	  settings	  with	  firm	  and	  
company	  sizes	  and	  also	  variety	  of	  size	  of	  products	   (Ulrich,	  and	  Eppinger,	  2012,	  pp.	  
209-­‐210).	  	  
	  
Heskett	   (1980)	   discussed	   that	   throughout	   the	   historical	   evolution	   of	   industrial	  
design,	   its	   roots	   lay	   in	   the	   craft	   tradition	   and	   that	   it	   had	  not	   been	   a	   simple	   linear	  
evolution	   from	   handwork	   to	   mechanical	   production,	   but	   actually	   “a	   constant	  
diversification,	   encompassing	   a	   broadening	   range	   of	   new	   factors	   and	   influences”,	  
and	   highlights	   the	   fact	   that	   “design,	   the	   conception	   of	   visual	   form,	   has	   become	  
progressively	   separated	   from	   the	   act	   of	   making”	   (Heskett,	   J.,	   1980,	   p.7).	   Heskett	  
describes	   industrial	   design	   as:	   “a	   process	   of	   creation,	   invention	   and	   definition	  
separated	   from	   the	   means	   of	   production,	   involving	   an	   eventual	   synthesis	   of	  
contributory	  and	  often	  conflicting	  factors	   into	  a	  concept	  of	  three-­‐dimensional	   form,	  
and	   its	   material	   reality,	   capable	   of	   multiple	   reproduction	   by	   mechanical	   means”	  
(Heskett,	  J.,	  1980,	  p.10).	  
	  
Campos	   and	   Asensio	   (2006)	   describes	   how	   the	   role	   of	   industrial	   designers	   have	  
changed	  over	  the	  years,	  as	  during	  the	  early	  20th	  century,	  businessmen	  and	  inventors	  
“made	  sure	  that	  they	  met	  people’s	  needs;	   the	   industrial	   revolution	  and	  production-­‐
line	  manufacturing	   gave	  way	   to	   a	  world	   of	   new	  mechanical	   inventions	   that	  made	  
people’s	  lives	  easier”,	  however,	  in	  contrast	  to	  this,	  Campos	  and	  Asensio	  explain	  that	  
now	   in	   the	   21st	   century,	   the	   roles	   have	   changed,	   in	   that	   it	   is	   industrial	   designers	  
themselves	   that	   are	   the	  ones	  who	   are	   “creating	   the	   needs	   of	   today’s	   consumer,	   a	  
consumer	  who	   is	  neither	  prepared	  nor	  has	   the	   time	   to	  decide	  or	   imagine	  how	  that	  
high	  technology	  product	  might	  make	  his	   life	  more	  comfortable.	   Industrial	  designers	  
are	  the	  ones	  who	  decide	  that.”	  (Campos,	  C.	  and	  Asensio,	  O.,	  2006.	  p.12).	  
	  
Clive	   (2010)	   from	   the	   Industrial	   Designers	   Society	   of	   America	   (IDSA)	   explains	  
“Industrial	  design	  (ID)	  is	  the	  professional	  service	  of	  creating	  and	  developing	  concepts	  
and	  specifications	  that	  optimize	  the	  function,	  value	  and	  appearance	  of	  products	  and	  
systems	  for	  the	  mutual	  benefit	  of	  both	  user	  and	  manufacturer”	  (Clive,	  2010).	  	  
	  
Clive	  discusses	   industrial	  designers,	  and	  what	   they	  do,	  as	   individuals	  who	  “develop	  
these	  concepts	  and	  specifications	   through	  collection,	  analysis	  and	  synthesis	  of	  data	  
guided	  by	  the	  special	  requirements	  of	  the	  client	  or	  manufacturer.	  They	  are	  trained	  to	  
prepare	   clear	   and	   concise	   recommendations	   through	   drawings,	  models	   and	   verbal	  
descriptions”	  (Clive,	  2010).	  With	  ranging	  areas,	  Cuffaro	  (Cuffaro,	  2013,	  p.8)	  describes	  
industrial	   designers	   being	   involved	   in	   many	   ‘sources’	   such	   as,	   manufacturing	  
processes,	  measurement	  conversions,	  product	  development	  terminology	  or	  material	  
selection.	  Ulrich	  and	  Eppinger	  (Ulrich,	  and	  Eppinger,	  2012,	  pp.	  211)	  identify	  the	  areas	  
in	  which	   industrial	  designers	  are	  educated,	  gaining	   skills	   in	  presentation,	   form	  and	  
sculpture,	   development	   drawing	   and	   model-­‐making;	   with	   basic	   understanding	   of	  
manufacturing	  techniques,	  materials,	  and	  finishes.	  Also	  discussed	  are	  how	  important	  
industrial	   designers	   are	   to	   products,	  which	   are	   operated,	   seen	   or	   used	   by	   people;	  
commercial	  success	  of	  the	  product(s)	   is	  dependant	  on	  the	   industrial	  designer.	  How	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important	  they	  are	  to	  a	  product	  can	  be	  assessed	  by	  the	  products	  needs,	  which	  fall	  
into	  two	  categories;	  aesthetics	  and	  ergonomics.	  
	  
The	  Professional	  Practice	  Committee	   from	   the	   International	  Council	  of	   Societies	  of	  
Industrial	  Design	  (ICSID)	  define	   industrial	  design	  as:	  “Industrial	  Design	   is	  a	  strategic	  
problem-­‐solving	  process	  that	  drives	  innovation,	  builds	  business	  success,	  and	  leads	  to	  
a	   better	   quality	   of	   life	   through	   innovative	   products,	   systems,	   services,	   and	  
experiences”	  (ICSID,	  2015).	  They	  also	  provide	  an	  extended	  version	  of	  this	  definition	  
that	  builds	  on	  this,	  following	  this	  definition	  with:	  “Industrial	  Design	  bridges	  the	  gap	  
between	   what	   is	   and	   what’s	   possible.	   It	   is	   a	   trans-­‐disciplinary	   profession	   that	  
harnesses	   creativity	   to	   resolve	   problems	   and	   co-­‐create	   solutions	  with	   the	   intent	   of	  
making	   a	   product,	   system,	   service,	   experience	   or	   a	   business,	   better.	   At	   its	   heart,	  
Industrial	   Design	   provides	   a	   more	   optimistic	   way	   of	   looking	   at	   the	   future	   by	  
reframing	   problems	   as	   opportunities.	   It	   links	   innovation,	   technology,	   research,	  
business,	   and	   customers	   to	   provide	   new	   value	   and	   competitive	   advantage	   across	  
economic,	  social,	  and	  environmental	  spheres”	  (ICSID,	  2015).	  
	  
The	  Professional	  Practice	  Committee	   from	   the	   International	  Council	  of	   Societies	  of	  
Industrial	  Design	  (ICSID)	  defines	   industrial	  designers	  and	  their	  approach:	  “Industrial	  
Designers	   place	   the	   human	   in	   the	   centre	   of	   the	   process.	   They	   acquire	   a	   deep	  
understanding	  of	   user	  needs	   through	  empathy	  and	  apply	  a	  pragmatic,	   user-­‐centric	  
problem-­‐solving	  process	  to	  design	  products,	  systems,	  services,	  and	  experiences.	  They	  
are	   strategic	   stakeholders	   in	   the	   innovation	  process	  and	  are	  uniquely	  positioned	   to	  
bridge	   varied	   professional	   disciplines	   and	   business	   interests.	   They	   value	   the	  
economic,	   social,	   and	   environmental	   impact	   of	   their	   work	   and	   their	   contribution	  
towards	  co-­‐creating	  a	  better	  quality	  of	  life”	  (ICSID,	  2015).	  
	  
Erlhoff	   and	  Marshall	   explain	   their	   view	  of	   the	  differences	  between	  product	  design	  
and	  industrial	  design:	  	  
“Although	   distinctions	   between	   product	   design	   and	   industrial	   design	   vary	  
greatly	  depending	  upon	  different	  contexts,	  the	  former	   is	  often	  considered	  to	  
be	   a	   subfield	   of	   the	   latter.	   This	   categorization	   may	   be	   confusing	   to	   many	  
because	   in	   practice	   the	   terms	   are	   used	   interchangeably	   –	   and	   indeed,	   they	  
encompass	  the	  same	  spectrum	  of	  output	  possibilities,	  ranging	  from	  domestic	  
artifacts	  like	  furniture	  and	  tableware	  to	  mechanized	  products	  like	  electronics	  
and	  appliances”	  (Erlhoff,	  M.,	  and	  Marshall,	  T.,	  2008,	  p.310)	  
Erlhoff	   and	  Marshall	   describe	   how	   some	   people	   make	   different	   connections	   with	  
each	  of	  these	  practices,	  with	  product	  designers	  seeming	  to	  be	  more	  focused	  on	  “a	  
more	   customized,	   craft-­‐based	   approach	   to	   the	   design	   process	   …	   geared	   towards	  
more	   specialized	   consumer	   markets,	   or	   be	   characterized	   by	   relatively	   lower-­‐run	  
productions	   …	   often	   identified	   as	   a	   subfield	   of	   industrial	   design,	   not	   because	   of	   a	  
reduced	   range	   of	   possible	   products,	   but	   by	   a	   specific	   perceived	   approach	   to	   the	  
design	  process	  itself”.	  They	  describe	  that	  when	  some	  people	  think	  about	  ‘industrial	  
design’,	   some	   link	   the	   term	   ‘industrial’	   to	   the	   ‘industrial	   revolution’,	  and	  may	  view	  
that:	   “the	   term	   “industrial”	   implies	   an	   explicit	   emphasis	   on	  manufacturing	   aspects	  
over	  other	  steps	   in	   the	  product	  development	  process”.	  Erlhoff	  and	  Marshall’s	  views	  
on	  this	  topic	  ends	  on	  this	  statement:	  “Ultimately,	  both	  practices	  share	  almost	  all	  the	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same	   objectives,	   processes,	   and	   technologies,	   and	   the	   phrases	   are	   still	   often	   used	  
interchangeably”	  (Erlhoff,	  M.,	  and	  Marshall,	  T.,	  2008,	  p.310).	  
	  
	  
Nowadays,	  as	  professional	  practices,	  both	  ‘product	  design’	  and	  ‘industrial	  design’	  in	  
fact	  share	  almost	  all	  the	  same	  objectives,	  technologies	  and	  processes,	  and	  that	  the	  
phrases	   of	   ‘product	   design’	   and	   ‘industrial	   design’	   are	   often	   used	   interchangeably	  
(Erlhoff,	  M.,	  and	  Marshall,	  T.,	  2008).	  However,	  in	  the	  context	  of	  this	  thesis,	  industrial	  
design	   is	   understood	   to	   be	   a	   professional	   service	   of	   developing	   and	   creating	  
specifications	   and	   concepts	   that	   optimise	   the	   function,	   appearance,	   and	   value	   of	  
systems	  and	  products	  for	  the	  mutual	  benefit	  of	  both	  manufacturer	  and	  user	  (Clive,	  
2010).	  Industrial	  designers	  as	  individuals	  collect,	  analyse,	  and	  synthesise	  data	  guided	  
by	   the	   requirements	   of	   the	   manufacturer	   or	   client	   to	   develop	   specifications	   and	  
concepts.	   Industrial	  designers	  prepare	  concise	  and	  clear	  recommendations	  through	  
models,	  drawings,	  and	  verbal	  descriptions	  (Clive,	  2010),	  and	  in	  order	  to	  do	  so,	  they	  
must	   have	   a	   basic	   understanding	   of	   materials,	   finishes,	   and	   manufacturing	  
techniques	   (Ulrich,	   and	   Eppinger,	   2012).	   Industrial	   designers	   are	   important	   to	  
products,	  which	   are	  operated,	   seen	  or	   used	  by	  people;	   commercial	   success	   of	   the	  
product(s)	   is	   dependant	   on	   the	   industrial	   designer.	   How	   important	   they	   are	   to	   a	  
product	   can	   be	   assessed	   by	   the	   products	   needs,	   which	   fall	   into	   two	   categories;	  
aesthetics	   and	   ergonomics	   (Ulrich,	   and	   Eppinger,	   2012).	   Industrial	   design	   is	   a	  
strategic	  problem-­‐solving	  process	  that	  can	  drive	  innovation,	  contribute	  to	  a	  business’	  
success,	   and	   enhance	   quality	   of	   life	   through	   products,	   services,	   systems,	   and	  
experiences	  (ICSID,	  2015).	  
	  
	  
	  
2.2.3	  Electronics	  within	  designed	  products	  
	  
In	   this	   section	   a	   variety	   of	   product	   examples	   are	   presented	   of	   cases	   where	  
electronics	   have	   been	   incorporated	   into	   designed	   products.	   These	   examples	   have	  
been	  selected	  as	  they	  are	  representative	  of	  step-­‐changes	  throughout	  the	  evolution	  
of	  electronics,	  the	  incorporation	  of	  the	  technology	  into	  products,	  and	  these	  products	  
being	   designed	   for	   consumers	   to	   be	   used	   in	   their	   homes	   and	   to	   be	   user-­‐friendly	  
meaning	  that	  anyone	  could	  use	  these	  electronic	  products	  and	  so	  were	  designed	  with	  
the	  end	  user	  in	  mind.	  	  
	  
The	   first	   use	   of	   electronics	   within	   designed	   products	   was	   inside	   UK	   radios	   (Pool,	  
2014).	  Bakelite	  radios	  were	  the	  most	  notable	  example	  of	  this,	  being	  the	  first	  plastic	  
radio	  product	  to	  appear,	  the	  material	  used	  for	  its	  heat	  resistant	  and	  electrically	  non-­‐
conductive	   properties	   (Pool,	   2014).	   Available	   in	   a	   wide	   range	   of	   colours,	   Bakelite	  
radios	   entered	   peoples	   homes	   in	   the	   1920s	   and	   1930s	   selling	   millions,	   the	  
companies	   advertisements	   told	   consumers	   that	   together	   modern	   design	   and	  
Bakelite	   would	   help	   move	   the	   country	   forward	   during	   the	   depression	   (Bakelite	  
Collector,	  2014).	  It	  was	  ideal	  for	  the	  Art	  Deco-­‐style	  designs	  (Figure	  3)	  of	  this	  period	  
as	   Bakelite	   was	   a	   mouldable	   plastic	   material	   (Science	   Museum	   and	   Science	   and	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Society	   Picture	   Library,	   2014).	   The	   introduction	   of	   this	   mouldable	   plastic	   material	  
allowed	  the	  designers	  of	  the	  Bakelite	  radio	  to	  create	  a	  product	  identity,	  through	  the	  
new	  shapes	  that	  could	  be	  achieved	  with	  this	  new	  plastic,	  which	  gave	  Bakelite	  radios	  
a	   competitive	   advantage	   through	   creating	   a	   unique	   look	   to	   their	   products,	   whilst	  
being	   in	   keeping	   with	   the	   trends	   at	   the	   time	   (forming	   art-­‐deco	   style	   forms).	   The	  
simplicity	   of	   the	   user	   controls,	   using	   simple	   switches/buttons	   and	   dials,	   kept	   the	  
design	  simple	  and	  also	  easy	  to	  use	  by	  the	  public	   in	  their	  homes.	  This	  simple	  design	  
with	  minimal	   user	   controls	   available	  minimised	   the	   chance	   of	   confusion	   over	   how	  
the	  product	  worked	  and	   complemented	   the	   simplistic	   style	  of	   the	   radio.	  By	  hiding	  
the	  electronics	  away	  inside	  the	  radio	  and	  revealing	  only	  a	  few	  user	  controls	  and	  the	  
main	  emphasis	  being	  a	  stylish	  functional	  object	  for	  the	  home,	  this	  radio	  represents	  
how	   electronics	   within	   designed	   products	   were	   marketed	   to	   users	   and	   therefore	  
introduced	  into	  people’s	  homes.	  
	  
	  
Figure	  3	  -­‐	  Ekco	  AD36	  radio,	  1935.	  
(Science	  Museum	  and	  Science	  and	  Society	  Picture	  Library,	  2014).	  
	  
	  
Dieter	   Rams	   was	   one	   of	   the	   most	   influential	   Industrial	   Designers	   of	   the	   late	   20th	  
century,	  creating	  a	  legible,	  elegant	  and	  rigorous	  visual	  language	  for	  Braun’s	  products	  
(Design	   Museum,	   2007).	   His	   first	   product	   designed	   for	   Braun	   was	   in	   1956;	  
developing	  the	  SK4	  radio	  and	  record	  player	  with	  Hans	  Gugelot.	  Moving	  away	  from	  a	  
traditional	  wooden	  cabinet,	   the	  SK4	   (Figure	  4)	  had	  a	  metal	  case,	   two	  pale	  wooden	  
sides	   and	   a	   transparent	   plastic	   lid,	   exposing	   the	   turntable	   and	   operating	   panel.	  
Consumers	   considered	   this	   look	   to	   be	   chic	   (Design	   Museum,	   2007),	   leading	   to	  
transparent	  lids	  being	  industry	  standard.	  This	  exposure	  of	  working/moving	  electronic	  
parts	   was	   an	   entirely	   different	   approach	   from	  what	   had	   gone	   before,	   contrasting	  
from	  designers	  who	  had	  previously	  hidden	  the	  electronics	  away	  and	  minimised	  the	  
accessibility	   of	   the	   electronics	   to	   the	   user,	   Dieter	   Rams	   revealed	   these	   working	  
electronic	  parts	  to	  the	  users/customers	  in	  a	  decorative	  and	  simplistic/minimalist	  way	  
that	  is	  also	  intuitive	  to	  use.	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Figure	  4	  -­‐	  SK4	  radio	  and	  record	  player,	  1956.	  
(Design	  Museum,	  2007)	  
	  
	  
Dieter	  Rams	  worked	   for	  Braun	   for	   forty	   years,	   in	  which	  he	   started	  many	   trends	   in	  
design	   in	   using	   a	   minimal	   approach,	   refining	   the	   design	   language,	   creating	   ‘good	  
design’	  (Design	  Museum,	  2007).	  He	  approached	  design	  very	  differently	  from	  others,	  
never	  afraid	   to	   strip	  a	  product	  back	   to	  basics,	   creating	   simple,	   slick	  designs,	  whilst	  
presenting	   technology,	   not	   hiding	   it	   away	   in	   traditional	   cabinets.	   His	   focus	  was	   to	  
create	   more	   compact	   designs,	   also	   creating	   a	   family	   of	   products.	   The	   LE1	  
loudspeaker	  design	  (Figure	  5),	  launched	  in	  1960	  used	  super-­‐light	  membranes	  giving	  a	  
visual	  allusion	  to	  the	  clarity	  of	  the	  product’s	  sound	  (Design	  Museum,	  2007).	  	  
	  
	  
Figure	  5	  -­‐	  LE1	  Electrostatic	  Loudspeaker,	  1960.	  
(Design	  Museum,	  2007)	  
	  
	  
He	  wanted	  people	  to	  enjoy	  using	  Braun’s	  products,	  creating	  simplicity	  for	  the	  user,	  
the	   controls	  were	   kept	   to	   a	  minimum	  and	   arranged	   in	   an	   orderly	  manner	   (Design	  
Museum,	   2007).	   He	   also	   devised	   a	   system	   of	   colour	   coding	   for	   Braun’s	   products,	  
created	   in	   grey	   and	  white,	   with	   colour	   only	   on	   dials	   and	   switches.	   In	   1965,	   Rams	  
abandoned	  his	  previous	  pale	  base	  colours,	  and	  moved	  to	  black	  with	  an	  anthracite-­‐
coloured	  structured	  lacquer	  front,	  for	  marking	  the	  new	  development	  of	  high	  fidelity	  
(hi-­‐fi)	   technology,	   with	   the	   Studio	   1000	   hi-­‐fi	   system.	   Due	   to	   this,	   consumer	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electronics	  remained	  black,	  and	  was	  dominant	  for	  the	  following	  thirty	  years	  (Design	  
Museum,	  2007).	  	  
	  
“Dieter	   Rams	   remains	   an	   enduring	   inspiration	   for	   young	   designers,	   notably	  
Jonathan	   Ive	  and	   Jasper	  Morrison,	  who	  have	  acknowledged	  his	   influence	   in	  
their	  work	  at	  Apple	  and	  Rowenta	  respectively”	  (Design	  Museum,	  2007).	  
	  
Dieter	   Rams	   changed	   people’s	   perspectives	   of	   designed	   electronic	   products;	   for	  
designers	   in	   their	   designs	   and	   approaches	   towards	   the	   design	   of	   new	   electronic	  
products	   and	   inspiration,	   and	   for	   users/customers	   it	   altered	   their	   perspectives	   of	  
electronics	  and	  electronic	  products	  as	  being	  easy-­‐to-­‐use	  and	  decorative	  additions	  to	  
their	   homes,	   rather	   than	   an	   unsightly	   technical	   product	   that	   is	   hard	   to	   use	   and	  
understand.	  Dieter	   Rams’	   idea	   of	   compact	   designs	   and	   the	   creation	   of	   a	   family	   of	  
products	  also	  inspired	  many	  companies	  and	  designers,	  as	  the	  creation	  of	  a	  family	  of	  
products	  opens	  up	  more	  choices	   for	  customers	  to	  purchase	  the	  products	   that	  best	  
suit	  their	  desires	  or	  budget,	  but	  also	  as	  they	  all	  have	  a	  similar	  or	  matching	  product	  
identity/aesthetics,	   it	   tempts	   customers	   to	   purchase	   the	   whole	   range/family	   of	  
products,	   adding	   to	   their	   family	  of	  products	   rather	   than	   replacing	  one	  product	   for	  
another.	   Dieter	   Rams’	   designs	   inspire	   and	   enhance	   customers’	   attachment	   with	  
electronic	  products	   and	  brand	   identity	   through	   collecting	  a	   family	  of	  products	   and	  
also	  brand	   loyalty	  and	   lifestyle	  by	  creating	  products	  that	  are	  easy	  to	  use,	  compact,	  
and	  decorative.	  	  
	  
Looking	  at	   Japanese	   influences	  on	   the	  design	  of	  electronic	  products,	   in	  1979,	  Sony	  
released	   the	   first	   low	   cost	   electronic	   ‘walkman’,	   a	   portable	   personal	   cassette	  
player/stereo	  (Rodriguez,	  2014)	  aiming	  to	  change	  the	  way	  people	  listened	  to	  music.	  
The	  Walkman	  TPS-­‐L2	  had	  a	  blue	  and	  silver	  metal	  case	  (Figure	  6)	  released	  in	  Japan	  on	  
the	   1st	   July	   1979.	   Its	   initial	   production	   in	   Japan	   was	   50,000	   units,	   in	   which	   Akio	  
Morita,	   Sony	   chairman	   of	   the	   day,	   thought	   it	  was	   too	   high,	   it	  was	   ordered	   to	   cut	  
30,000	  units	  (Jenish,	  and	  Davies,	  1999).	  The	  new	  gadget	  was	  initially	  ignored	  by	  the	  
Japanese	  media,	  with	   sales	  of	  only	  3,000	  units	   in	   the	   first	  month.	  After	  a	  publicity	  
grassroots	   marketing	   approach,	   the	   Walkman	   took	   off,	   this	   marketing	   approach	  
allowed	  students	  at	  universities	  and	  high	  schools,	  and	  subway	  users	   to	  sample	   the	  
sound	  quality	  for	  a	  few	  minutes.	  
	  
Released	   in	   June	   1980	   in	   the	   U.S.	   In	   the	   UK	   the	   Walkman	   came	   with	   two	   mini	  
headphone	  jacks	  and	  stereo	  playback,	  allowing	  for	  two	  people	  to	  listen	  at	  the	  same	  
time.	  When	  released	  in	  the	  UK	  it	  was	  sold	  under	  the	  name	  Sony	  ‘Stowaway’	  stereo	  
cassette-­‐recorder	   in	   1980,	   the	  model	   being	   TCS-­‐300	   (Science	  Museum,	   2014).	   The	  
product	  allowed	  users	  to	  listen	  while	  jogging	  or	  walking,	  in	  it’s	  robust	  case,	  in	  1979	  
Sony	   released	   a	   smaller	   machine	   that	   did	   not	   have	   a	   recording	   facility,	   it	   was	  
marketed	  as	  the	  ‘Walkman’,	  which	  quickly	  became	  the	  generic	  name	  for	  this	  type	  of	  
product.	  Since	  its	  release,	  it	  has	  changed	  the	  way	  that	  people	  listen	  to	  music	  around	  
the	  world	   (Jenish,	   and	  Davies,	   1999),	  with	  over	  237	  million	  Walkman’s	   and	   similar	  
products	   purchased	   between	   its	   release	   and	   1999.	   The	   creation	   of	   the	   ‘Walkman’	  
changed	  customers/users	  perspectives	  on	  how	  they	  listen	  to	  music	  and	  how	  it	  can	  fit	  
in	  with	  their	  lifestyle	  whether	  on	  public	  transport,	  or	  when	  out	  jogging	  or	  walking.	  It	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made	  electronic	  products	  such	  as	  this	  a	  product	  that	  can	  be	  used	  daily	  and	  one	  that	  
can	   also	   promote	   social	   interaction	   through	   sharing	   music	   with	   others	   by	   using	  
additional	  headphones	  to	  listen	  to	  the	  music	  together	  without	  being	  constrained	  to	  
a	  wall	  mounted	  socket.	  With	  its	  compact	  design,	  the	  Walkman	  could	  be	  easily	  stored	  
in	  the	  users	  pocket,	  bag,	  or	  even	  hand	  held,	  and	  its	  simple	  controls	  allowed	  for	  the	  
user	   to	   fully	   interact	   and	   control	   the	   product,	  with	   the	   ability	   to	   change	   different	  
music	  cassettes	  to	  play	  and	  listen	  to.	  
	  
	  
Figure	  6	  -­‐	  Sony	  Walkman	  TPS-­‐L2,	  1979.	  
(Rodriguez,	  2014)	  
	  
	  
The	  earliest	  home	  computers	  were	  created	  and	  used	  purely	  by	  hobbyists,	  with	  the	  
Altair	  8800	  computer	  by	  MITS	  starting	   the	  personal	  computer	   (PC)	   revolution,	   first	  
publicised	   in	   ‘Popular	  Electronics’	   in	  1975	  and	  available	  by	  mail	  order	  for	   just	  $379	  
for	  fellow	  hobbyists	  (Abbate,	  1999).	  The	  first	  successful	  mass	  market	  PC	  was	  created	  
by	   Apple;	   their	   second	   attempt,	   the	   Apple	   II	   (Figure	   7),	  was	   the	   first	   user-­‐friendly	  
product,	   with	   a	   screen,	   keyboard,	   software	   and	   disk	   drive	   already	   assembled.	  
Marketed	   in	   1977,	   it	   was	   a	   huge	   success,	   selling	   for	   about	   $1300;	   two	   other	  
computers	   of	   this	   similar	   ‘plug	   and	   play’	   style	   also	   came	   out	   in	   1977,	   the	  
Tandy/Radio	  Shack	  TRS-­‐80	  and	  the	  Commodore	  PET.	  The	  release	  of	  these	  computers	  
placed	  PC’s	  strongly	  in	  the	  general	  consumer	  market	  (Abbate,	  1999).	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Figure	  7	  -­‐	  Apple	  II,	  1977.	  
(Abbate,	  1999,	  p.1696)	  
	  
	  
Soon	  after	  PC’s	  were	  introduced	  in	  other	  industrialized	  nations,	  such	  as	  Japan,	  NEC	  
marketed	  the	  first	  non-­‐kit	  PC	  in	  1979,	  called	  the	  PC-­‐8001,	  they	  became	  the	  biggest	  
PC	  provider	  in	  Japan	  (Abbate,	  1999).	  Until	  the	  mid	  1980s,	  microcomputers	  were	  too	  
expensive	  in	  the	  UK	  for	  widespread	  home	  use;	  people	  bought	  just	  the	  keyboard	  and	  
CPU,	   using	   cassette	   recorders	   for	   tape	   drives	   and	   televisions	   for	   monitors.	   This	  
changed	   with	   the	   introduction	   in	   1980	   of	   the	   Sinclair	   ZX80	   in	   Britain,	   being	  
advertised	   as	   ‘a	   computer	   for	   everyman’	   (Abbate,	   1999,	   p.1696),	   it	   was	   a	   basic	  
machine	   only	   costing	   £100	   with	   little	   memory.	   It	   became	   Britain’s	   first	   widely	  
purchased	   home	   computer.	   An	   even	   lower	   priced	   model	   followed	   it,	   the	   ZX81,	  
costing	  only	  £50	  (Abbate,	  1999).	  
	  
The	   company	   who	   made	   computers	   industry	   standard	   were	   IBM	   (Abbate,	   1999,	  
p.1697);	  establishing	  their	  own	  independent	  business	  unit	  within	  IBM	  to	  make	  purely	  
affordable	  PC’s	  in	  1980,	  they	  produced	  a	  PC	  design	  in	  IBM	  record	  time,	  in	  less	  than	  a	  
year.	  Their	  PC	  hit	  the	  consumer	  market	  in	  August	  1981.	  It	  was	  created	  with	  an	  ‘open’	  
architecture:	   buying	   components	   from	   other	   companies	   allowed	   IBM	   to	   speed	   up	  
development,	   using	   Microsoft’s	   DOS	   operating	   system	   and	   Intel	   8088	  
microprocessor.	   However,	   this	   had	   a	   downside	   for	   IBM	   as	   this	   meant	   that	   other	  
companies	   could	  directly	   copy	   their	  PC.	   IBM’s	  PC	  and	   interest	   completely	   changed	  
the	   market	   for	   PC’s;	   being	   recognised	   by	   an	   authoritative	   company	   meant	   that	  
business	  users	  then	  took	  PC’s	  seriously	  (Abbate,	  1999).	  
	  
The	  development	  and	  progression	  of	  PC’s	  continues	  today	  with	  continuous	  advances	  
in	   technology	   capability,	   performance	   and	   reduction	   in	   component	   size,	   advances	  
such	  as	  the	  miniaturisation	  of	  screens	  or	  displays,	  moving	  from	  a	  cathode	  ray	  tube	  
(CRT)	  to	  light	  emitting	  diodes	  (LEDs).	  This	  has	  allowed	  the	  shape	  and	  performance	  of	  
PC’s	   to	   change	   dramatically	   from	   the	   early	   models;	   a	   particular	   modern	   PC	   of	  
interest	   is	   the	   Apple	   iMac	   from	   2007	   onwards	   (Apple	   Inc.,	   2014),	   with	   its	   slim,	  
simple,	   brushed	   aluminium	   design	   (Figure	   8).	   The	   progression	   is	   remarkable	  
compared	  to	  the	  Apple	  II,	  being	  the	  first	  of	  its	  kind	  that	  was	  a	  user	  friendly	  product	  
as	   it	   had	   a	   screen,	   keyboard,	   software	   and	   disk	   drive	   already	   assembled	   (Abbate,	  
1999).	  The	  Apple	  iMac	  design	  appears	  to	  have	  been	  heavily	  inspired	  by	  Dieter	  Rams’	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designs,	   such	   as	   the	   ‘LE1	   loudspeaker’	   (Figure	   5)	   from	   1960	   which	   still	   appears	  
modern.	   The	   latest	   iMac	   was	   designed	   in	   2014,	   yet	   the	   design	   remains	   almost	  
identical	   to	   the	   iMac	  designed	   in	  2007,	  being	  a	  slim	  and	  sleek	  minimal	  design	   that	  
has	   a	   brushed	   aluminium	   surround,	   glossy	  black	   front	   and	   a	  minimalistic	   frame	  or	  
support.	  This	  shows	  that	  the	  design	  was	  and	  still	  is	  a	  success	  as	  it	  still	  sells	  today,	  and	  
as	   do	   Apple’s	   entire	   range	   of	   products,	   all	   sharing	   a	   similar	   design	   look.	   In	   this	  
particular	   case	   with	   the	   iMac,	   over	   time,	   the	   design	   stays	   the	   same,	   but	   the	  
technological	   advantages	   that	   allow	   for	   smaller	   components	   means	   that	   it	   can	  
become	  increasingly	  slim	  and	  sleek.	  
	  
	  
Figure	  8	  -­‐	  Apple	  iMac,	  2015	  
(Apple	  Inc.,	  2015)	  
	  
With	  component	  sizes	  shrinking	  and	  device	  performance	  and	  capacity	  growing,	  not	  
just	   PC’s	   but	   vast	   ranges	   of	   products	   such	   as	   mobile	   telephones,	   televisions,	  
electronic	   storage	   devices,	   portable	  music	   players,	   etc.	   have	   benefitted	   becoming	  
more	  capable	  and	  sophisticated.	  This	  has	  led	  to	  a	  change	  in	  product	  aesthetics	  and	  
performance,	   but	   also	   user’s	   expectations	   of	   products	   as	   there	   has	   also	   been	   a	  
cultural	   change	   to	   how	   many	   people	   live	   in	   modern	   life,	   as	   the	   technological	  
advances	  has	  allowed	  users	  to	  be	  constantly	  linked	  through	  modern	  communications	  
via	   their	   electronic	   devices,	   which	   is	   evident	   when	   walking	   down	   any	   high-­‐street	  
through	   the	   numbers	   of	   people	   using	   portable	   or	   mobile	   electronic	   devices.	   The	  
expectations	  of	  these	  devices	  are	  very	  high	  due	  to	  these	  technological	  progressions,	  
as	   devices	   such	   as	   a	  mobile	   telephone	   is	   not	   just	   used	   for	  making	   phone	   calls	   or	  
sending	   text	   messages,	   but	   is	   now	   expected	   to	   have	   immediate	   access	   to	   the	  
internet	  for	  the	  user	  to	  check	  their	  emails,	  browse	  the	  internet,	  use	  social	  networks,	  
find	   and	   apply	   for	   jobs,	   download	   and	   upload	   content,	   with	   a	   continuous	   list	   of	  
options	  resulting	  in	  an	  ‘online	  presence’	  culture,	  where	  users	  can	  be	  contacted	  and	  
appear	   ‘online’	   at	   all	   times.	   In	   this	   respect,	   the	   device	   is	   expected	   to	   be	   a	   mini	  
computer,	  but	  have	  a	   range	  of	  other	   functions	  as	  well,	   such	  as	   the	  ability	   to:	   take	  
photos,	  record	  videos,	  record	  audio,	  mp3	  player,	  radio,	  calendar	  and	  calculator	  just	  
to	  name	  a	  few.	  These	  changes	  have	  been	  made	  possible	  by	  technological	  advances	  
such	   as	   the	   miniaturisation	   of	   electronic	   components,	   which	   has	   allowed	   for	   the	  
increase	   in	   processing	   power	   on	   a	   smaller	   footprint	   in	   electronic	   devices.	   These	  
advances	   in	  the	  technology	  and	  miniaturisation	  has	  changed	  mobile	  phone	  devices	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from	  originally	  being	  unusual,	   rare	  and	  novel	  devices	   that	   allowed	   the	  user	   to	   call	  
someone	  without	  being	  attached	  to	  a	  landline	  cable	  needed	  for	  the	  communication	  
connection	  and	  power	  supply,	  to	  now	  being	  common	  and	  widely	  used	  devices	  that	  
users	  use	  on	  a	  daily	  basis	  to	  contact	  individuals	  in	  a	  variety	  of	  ways	  such	  as	  calling,	  
texting,	   and	   emailing,	   as	   well	   as	   being	   devices	   that	   entertain	   us	   through	   social	  
media,	  news	  updates,	  radio,	  music,	  games,	  and	  videos	  etc.	  	  
	  
Discussing	   industrial	  design,	   in	   relation	   to	  electronic	  products,	  has	  brought	   to	   light	  
some	   recurring	   themes	   in	   relation	   to	   the	   following	   areas:	   innovative	   design	   (form	  
and	  function),	  consumer	  appeal,	  and	  user	  friendly/accessibility	  aspects.	  These	  can	  be	  
seen	   in	   the	   progression	   of	   the	   PC,	   how	   it	   moved	   away	   from	   hobbyists,	   became	  
accessible	   and	   user	   friendly	  which	   appealed	   to	   the	  mass	  market	   allowing	   it	   to	   be	  
used	   in	   the	   home,	   to	   then	   being	   regarded	   as	   a	   serious	   piece	   of	   equipment	   for	  
businesses.	  The	  success	  of	  this	  seemed	  to	  be	  a	  combination	  of	  new	  technology	  and	  
public	   acceptance.	   Surveying	   this	   reveals	   significant	   steps	   that	   took	   an	   innovation	  
from	   earliest	   use	   to	   mass	   market	   (significance	   of	   good	   design	   within	   the	   steps).	  
These	  have	  provided	  historical	  examples	  of	  new	  technology	  that	  has	  been	  integrated	  
into	  products.	   This	   section	  demonstrates	  how	  evolutions	   in	  electronics	   impacts	  on	  
products	   and	   how	   industrial	   designers	   respond	   to	   such	   opportunities	   in	   size	   and	  
form.	   These	   examples	   also	   demonstrate	   that	   users	   are	   increasingly	   welcoming	  
technological	  advances	  in	  the	  products	  they	  buy,	  so	  long	  as	  they	  can	  see	  the	  benefits	  
that	   these	   new	   products	   bring	   to	   them	   and	   their	   way	   of	   life.	   It	   is	   down	   to	   the	  
industrial	   designers	   to	   understand	   and	   translate	   new	   technologies	   into	   product	  
attributes	   or	   features	   that	   benefit	   users,	   and	   that	   make	   the	   user	   feel	   that	   their	  
investment	  in	  that	  product	  will	  enhance	  the	  user’s	  experience.	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2.3	  Printing	  processes	  -­‐	  history	  
	  
A	  printing	  history	  timeline	  has	  been	  created	  (Figure	  9).	  It	  highlights	  the	  key	  moments	  
through	  history,	  from	  the	  most	  basic	  stencilling	  techniques	  used	  in	  30,000	  BC	  to	  the	  
digital	  press	   in	  1993.	  On	  this	  timeline,	  processes	  that	   later	  became	  associated	  with	  
printed	  electronics	  are	  coloured	  blue.	  
	  
Speirs	  explains	  that	  screen	  printing	  (being	  a	  form	  of	  stencilling)	  dates	  back	  to	  ancient	  
and	   pre-­‐historic	   times	   30,000BC;	   existing	   on	   old	   Chinese	   records	   and	   also	   ancient	  
cave	  pictures.	  Gravure	  or	   rotary	   intaglio	  printing	  was	   first	  used	   to	  produce	  printed	  
cotton	   fabrics	   and	   wallpapers	   in	   the	   late	   eighteenth	   century	   (late	   1700s).	   The	  
development	  of	   the	   gravure	  process	   known	   today	   ‘photogravure’	   dates	   back	   from	  
1850;	   using	   photographic	   techniques	   were	   connected	   to	   the	   gravure	   process.	  
Ottmar	   Mergenthaler	   invented	   the	   first	   successful	   commercial	   Linotype	   machine	  
(hot	  metal	  typesetting)	  in	  1886	  (Speirs,	  1992,	  pp.	  15,	  16,	  45).	  	  
	  
Adam	  identified	  that	  the	  earliest	  examples	  date	  back	  to	  30,000	  BC	  from	  Paleolithic	  
times,	   and	   remain	   in	  one	  of	   the	   Lascaux	  Caves	   called	   the	  Cosquer	  Cave	   in	   France.	  
Around	   1000	   AD	   stencil	   printing	   was	   developed	   by	   the	   Chinese	   to	   mass-­‐produce	  
religious	   images.	   Using	   stencils	   the	   Japanese	   decorated	   ceramics,	   interiors,	   and	  
fabrics.	  By	  the	  eighteenth	  century,	  they	  were	  able	  to	  print	   intricate	   images.	  France	  
produced	   decorative	   items	   until	   the	   nineteenth	   century	   such	   as	   playing	   cards	   and	  
wallpaper	   using	   decorative	   stencil	   work.	   In	   the	   late	   1800s	   commercial	   screen	  
printing	   began,	   European	   immigrants	   brought	   their	   decorative	   stencilling	   skills	  
around	   this	   time	   to	   the	   New	  World.	   A	   stencilling	   technique	   that	   used	   a	   printing	  
frame	  was	  patented	   in	  Michigan,	  USA,	   near	   the	   end	  of	   the	  nineteenth	   century.	   In	  
Manchester,	  England	  in	  1907	  a	  patent	  was	  granted	  for	  a	  process	  that	  used	  stretched	  
silk	   over	   a	   wooden	   frame,	   which	   with	   screen	   filler,	   a	   stencil	   was	   hand-­‐painted	  
(Adam,	  2003,	  pp.6-­‐7).	  
	  
Oswald	   discussed	   that	   the	   first	   known	   wood	   engraving/woodblock	   printing	  
originated	   in	   China	   in	   770AD;	   however	   this	   block	   had	   been	   engraved	   in	   Japan.	   A	  
printing	   press	  was	   first	  mentioned	   in	   the	   records	   of	   Strasbourg	   in	   1438,	   involving	  
John	  Gutenberg	  in	  a	  lawsuit	  (Oswald,	  1928,	  pp.	  309,	  8).	  Jean	  Baptiste	  Le	  Prince	  was	  
the	  first	  known	  inventor	  of	  aquatint,	  his	  first	  aquatint	  work	  dating	  from	  1768	  (Hind,	  
1963,	   pp.300-­‐301).	   The	  Monotype	   (hot	  metal	   typesetting)	   system	  was	   invented	   in	  
1887	  by	  Washington’s	  Tolbert	  Lanston,	  this	  was	  the	  casting	  of	  single	  types	  and	  was	  
known	  as	  the	  Lanston	  monotype	  machine	  (Oswald,	  1928,	  p.296).	  	  
	  
Clair	  identified	  that	  movable	  type	  was	  invented	  between	  1040	  and	  1048	  by	  Pi	  Sheng	  
(of	  the	  Northern	  Sung	  dynasty	  in	  China),	  it	  was	  created	  initially	  from	  clay	  and	  baked	  
hard.	   Aloys	   Senefelder	   invented	   lithography	   or	   lithographic	   printing	   in	   1798;	   he	  
secured	   the	   patent	   rights	   at	   Munich,	   and	   then	   patented	   his	   process	   in	   1800	   in	  
London,	  and	  in	  1801	  in	  Paris.	  Richard	  Hoe	  invented	  the	  first	  true	  newspaper	  rotary	  
printing	   press.	   It	   was	   a	   four-­‐cylinder	   type	   system;	   it	   was	   patented	   in	   1845	   and	  
constructed	  in	  1846	  in	  ‘Ledger’	  Philadelphia’s	  printing	  house.	  The	  first	  newspaper	  to	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be	   issued	   by	   Linotype	  was	   the	   ‘New	   York	   Tribune’	   in	   1886.	   The	   Linotype	  machine	  
was	  patented	   in	  1885.	   Ira	  W.	  Rubel,	  a	   lithographer	   from	  New	  York,	  developed	   the	  
idea	  of	  a	   rolling	  press	   in	  1904,	   it	  was	  built	  by	  New	  York’s	  Potter	  Printing	  Press	  Co.	  
(Clair,	  1969,	  pp.	  7,	  128,	  148,	  161,	  168).	  It	  contained	  a	  metal	  printing	  cylinder,	  and	  a	  
rubber	   transfer	   cylinder;	   this	   process	  was	  named	  offset	   lithography/offset	  printing	  
(Porzio,	   1982,	   p.35).	   Flexography	   known	   in	   1926	   under	   a	   different	   name	   ‘Aniline	  
Printing’	  was	   introduced	  which	  used	  aniline	  dyes	   (originally	  practically	   clear).	   Later	  
these	  were	  changed	  to	  be	  made	  from	  different	  materials	  (as	  aniline	  was	  dangerous),	  
to	   fully	   opaque,	   highly	   pigmented	   inks.	   The	   process	   gained	   its	   new	   name	   of	  
‘Flexography’	  or	  Flexographic	  printing	  in	  1952	  (Clair	  1969,	  pp.	  178,	  187).	  In	  the	  late	  
1950s	  the	  development	  in	  inkjet	  printing	  grew	  rapidly;	  this	  technology	  has	  been	  an	  
important	   technology	   in	   the	   development	   in	   production	   of	   colour	   documentation	  
(Wijshoff,	  2010,	  pp.	  77-­‐177).	  Digital	  printing	  presses	  were	  unveiled	   in	  1993	  at	   IPEX	  
when	   demonstrating	   the	   Indigo	   E-­‐Print	   1000,	   Xeikon	   DCP-­‐1	   and	   the	   Agfa	  
Chromapress	  (Thompson,	  1998,	  pp.452-­‐453).	  
	  
	  
	  
Figure	  9	  -­‐	  Printing	  history	  timeline	  (not	  to	  scale)	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2.4	  Printed	  electronics	  
	  
The	  term	  ‘printed	  electronics’	  is	  defined	  as	  “the	  printing	  of	  circuits”	  (Coatanéa,	  et	  al.	  
2009,	   pp.	   63-­‐102),	   these	   circuits	   include	   various	   different	   components	   such	   as	  
diodes,	   transistors,	   antennas	   etc.	   which	   are	   printed	   using	   conductive	   ink	   in	   the	  
surface	  of	  plastic,	  cardboard,	  or	  paper,	  and	  usually	  the	  surfaces	  to	  be	  printed	  on	  and	  
the	  ink	  “can	  largely	  vary	  to	  provide	  tailored	  functions”	  (Coatanéa,	  et	  al.	  2009,	  pp.	  63-­‐
102).	   The	   printing	  methods	   used	   for	   printing	   the	   electronics	   are:	   Screen,	  Gravure,	  
Lithography,	  Flexography	  and	  Inkjet.	  	  
	  
	  
2.4.1	  Printing	  processes	  used	  for	  printed	  electronics	  	  
	  
Printed	   electronics	   are	   produced	   via	   five	   different	   printing	   techniques/processes,	  
these	  are	  Screen,	  Gravure,	  Flexographic,	  Lithographic	  and	  Inkjet.	  To	  produce	  printed	  
electronics	   for	   industry	   scale	   production	   (in	   volume),	   two	   different	   processes	   are	  
used:	   ‘offset’	   for	   roll-­‐to-­‐roll	   production	   for	   Lithography,	  Gravure,	   and	   Flexography;	  
and	  ‘rotary’	  for	  Screen.	  Inkjet	  does	  not	  require	  any	  other	  processes	  for	  industry	  scale	  
production	  as	  it	  works	  in	  an	  entirely	  different	  way,	  by	  dropping	  ink	  droplets	  onto	  a	  
substrate,	  with	  no	  plate	  coming	  into	  contact	  with	  the	  substrate.	  
	  
2.4.1.1	  Screen	  printing	  
	  
The	  screen	  printing	  process	  (Figure	  10)	  consists	  of	   four	  elements	   in	  the	  process:	  1)	  
Screen,	   2)	   Squeegee	   and	   flow-­‐coat,	   3)	   Ink,	   and	   4)	   Press;	   identified	   by	   Gamota	  
(Gamota,	   2004,	   pp.307-­‐318).	   Speirs	   (Speirs,	   1992,	   pp.	   10-­‐11)	   focuses	   on	   how	   the	  
image	  is	  created	  in	  screen	  printing,	  discussing	  how	  it	  is	  carried	  on	  a	  mesh	  screen	  and	  
the	  image	  areas	  being	  open/unblocked	  and	  the	  non-­‐image	  areas	  being	  blocked	  out	  
via	   the	   stencil.	   The	   process	   consists	   of	   a	   screen,	   patterned	  with	   an	   image,	   placed	  
over	  a	  mesh,	  held	  in	  a	  frame,	  and	  is	  held	  just	  above	  the	  substrate	  known	  as	  the	  ‘off	  
contact	  gap’.	  	  The	  squeegee	  blade	  is	  brought	  down,	  forcing	  the	  screen	  to	  contact	  the	  
substrate,	   passing	   this	   over	   the	   screens	   surface	   forces	   the	   ink	   through	   the	   screen	  
onto	   the	   substrate.	   A	   roll	   of	   ink	   forms	   ahead	   of	   the	   squeegee	   (known	   as	   a	   bow	  
wave),	  this	  ensures	  for	  sufficient	  ink	  for	  printing	  all	  points	  of	  the	  entire	  image.	  In	  this	  
print	  stroke,	  behind	  the	  squeegee	  blade	  follows	  a	  ‘flow	  coat’	  blade	  that	  redistributes	  
the	  ink	  gathered	  in	  the	  ink	  roll,	  preparing	  for	  the	  next	  print	  stroke.	  When	  the	  print	  
stroke	  is	  complete,	  the	  squeegee	  blade	  is	  raised	  and	  returned	  to	  the	  prints	  starting	  
point.	  
	  
Brock	  (Brock,	  and	  Laws,	  2012,	  pp.	  7-­‐19)	  identifies	  that	  using	  a	  squeegee	  and	  stencil,	  
the	   first	  printed-­‐circuit	  work	  was	   in	   the	  1940s.	  This	  painting	  approach	  was	  used	  to	  
apply	   conductive	   and	   resistive	   paints	   to	   the	   substrate;	   following	   this	   process,	  
camelhair	  brushes	  and	  a	  fountain	  pen	  were	  used,	  combining	  both	  approaches	  with	  
inks	  that	  had	  been	  printed,	  and	  directly	  written.	  Printed	  electronic	  circuits	  were	  first	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introduced	   into	  mass	  production	  using	  a	  stencilled	  screen	  painting	  method	  in	  early	  
1945;	  this	  was	  in	  the	  tiny	  radio	  proximity	  fuze	  for	  mortar	  shells,	  and	  was	  developed	  
by	  the	  National	  Bureau	  of	  Standards.	  
	  
	  
	  
	  
Figure	  10	  -­‐	  Screen	  printing	  process	  
	  
Industry	   level	  of	  production	   for	   screen	  printing,	  when	   creating	  printed	  electronics,	  
would	   be	   achieved	   via	   rotary	   printing	   (Figure	   11).	   This	   process	   is	   necessary	   for	  
producing	   the	   volumes	   required	  of	   printed	  electronics,	  what	  makes	   rotary	  presses	  
different	  from	  others	  is	  the	  screen	  material	  and	  frame	  design.	  Mesh	  is	  wrapped	  and	  
held	  between	   two	  concentric	   rings,	   tubing	   feeds	   the	   ink	   into	   the	   inner	   side	  of	   the	  
drum.	  Metal	  mesh	  squeegees	  are	  used	  in	  this	  process,	  constructed	  from	  spring	  steel	  
(Gamota,	   2004,	   pp.	   317-­‐318),	   this	   is	   best	   illustrated	   by	   viewing	   a	   cross	   sectional	  
diagram	  (Figure	  12).	  	  
	  
	  
Figure	  11	  -­‐	  Rotary	  printing	  press	  diagram	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Figure	  12	  -­‐	  Rotary	  printing	  press	  cross	  section	  diagram	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2.4.1.2	  Gravure	  printing	  
	  
The	   gravure	   printing	   process	   (Figure	   13)	   consists	   of	   the	   engraved	   metal	   image	  
carrier,	  the	  sharp	  doctor	  blade,	  and	  a	  rubber	  covered	  impression	  roll.	  The	  engraved	  
metal	  image	  carrier	  is	  wetted	  with	  ink;	  the	  doctor	  blade	  wipes	  the	  excess	  ink	  on	  the	  
surface	  of	  the	  cylinders	  surface,	  leaving	  ink	  only	  in	  the	  recessed	  image	  areas	  (Figure	  
14).	  The	  impression	  roll	  then	  presses	  the	  substrate	  against	  the	  image	  carrier	  cylinder	  
to	  transfer	  the	  ink	  to	  the	  substrate	  (Gamota,	  2004,	  pp.274-­‐275).	  	  
	  
The	   first	  gravure	  printed	  circuit	  was	  created	   for	  a	  seven-­‐stage	  ring	  oscillator,	  using	  
traditional	   graphic	   art	   printing	   techniques	   (gravure-­‐roll	   to	   roll),	   including	   blade	  
coating	  and	  pad	  printing	  in	  2004	  (Cantatore,	  2013,	  pp.119-­‐120).	  
	  
	  
Figure	  13	  -­‐	  Gravure	  printing	  process	  diagram	  
	  
	  
	  
	  
Figure	  14	  -­‐	  Gravure	  cylinder	  
(Gamota,	  2004,	  pp.274-­‐275)	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2.4.1.3	  Flexographic	  printing	  
	  
The	   flexographic	   printing	   process	   (Figure	   15)	   works	   by	   a	   similar	   technique	   to	   a	  
rubber	  stamp,	  using	  a	  raised	  flexible	  plate	  to	  carry	  the	  image.	  The	  process	  consists	  of	  
a	   flexible	   image	   carrier	   or	   plate	   (made	   from	   rubber	   or	   a	   photopolymer),	   which	   is	  
adhered	  to	  a	  plate	  cylinder	  allowing	  for	  rotary	  production.	  The	  raised	  image	  on	  the	  
plate	   is	   covered	   in	   a	   uniform	   layer	   of	   ink	   using	   an	   anilox	   roll	   (which	   is	   an	   ink-­‐
metering	   device),	   its	   surface	  made	  up	  of	  millions	   of	   small	  wells	   or	   cells	   to	   carry	   a	  
precise	  volume	  of	   ink	  used	   to	   transfer	   the	   ink	   to	   the	   flexographic	  plate.	  The	   inked	  
plate	   is	   then	   pressed	   against	   the	   substrate	   using	   an	   impression	   roll.	   Fine	   pitch	  
adjustment	   screws	   are	   used	   to	   control	   the	   pressure	   of	   the	   print	   mechanically	  
through	   all	   stages	   of	   the	   process,	   this	   is	   used	   to	   stop	   the	   image	   plate	   from	  being	  
distorted	  due	   to	   excessive	  pressure,	   identified	  by	  Gamota	   (Gamota,	   2004,	   pp.246-­‐
247).	  
	  
	  
The	   flexographic	  printing	  process	   in	  a	   reel-­‐to-­‐reel	  arrangement	  was	  used	   to	  create	  
micro-­‐scale	  patterning	  of	   conductive	  networks	   in	  2010	   (Deganello,	   et	   al.	   2010.	  pp.	  
6113-­‐6116).	   The	   process	  was	   chosen	   as	   it	   did	   not	   rely	   on	   the	  merging	   of	   discrete	  
dots,	   unlike	   processes	   such	   as	   conventional	   gravure,	   inkjet	   or	   screen.	   The	   process	  
was	   used	   for	   an	   industrial,	   large-­‐scale	   trial	   for	   creating	   conductive	   networks	   over	  
flexible	  substrates.	  These	  networks/grids	  had	  minimal	  effect	  on	  the	  resulting	  sheet	  
resistance,	   showing	   the	   feasibility	   and	   value	   of	   this	   reel-­‐to-­‐reel	   process	   for	  
patterning	  fine	  conductive	  structures.	  	  
	  
	  
	  
Figure	  15	  -­‐	  Flexographic	  printing	  process	  diagram	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2.4.1.4	  Lithographic	  printing	  
	  
The	   modern	   lithographic	   printing	   process	   (Figure	   16)	   is	   based	   on	   a	   planographic	  
process	   and	   the	   original	   observation	   of	   Alois	   Senefelder	   in	   1796	   in	   Bavaria,	   being	  
that	  oil	  and	  water	  do	  not	  mix,	  and	  also	  the	  use	  of	  photography	  identified	  by	  Gamota	  
(Gamota,	   2004,	   pp.193-­‐195).	   Speirs	   (Speirs,	   1992,	   p.	   11)	   also	   adds	   to	   this	   with	  
another	  principle	  of	  the	  process	  being	  a	  materials	  natural	  affinity	  e.g.	  limestone	  for	  
either	   water	   or	   grease.	   Lithography	   was	   first	   used	   for	   printing	   electronics	   by	   the	  
Brunel	   Cleaner	   Electronics	   Research	   Group	   (Cleaner	   Electronics	   Research	   Group,	  
2000,	  p.1)	  in	  1996.	  
	  
The	   image	   carrier	   plates	   are	  made	   from	   thin	   plastic,	   paper	   or	  metal	   sheet,	   these	  
have	  a	  photopolymer	  coating	  which	   is	  exposed	  to	  ultra	  violet	   light	  or	  by	  a	   laser	   to	  
create	   the	   image,	   using	   a	   film	   negative.	   These	  modern	   lithographic	   plates	   contain	  
both	  hydrophobic	  image	  areas,	  repelling	  water,	  in	  turn	  remaining	  dry	  and	  accepting	  
ink;	  also	  hydrophilic	  non-­‐image	  areas,	  accepting	  water	  and	  repelling	  ink.	  The	  presses	  
as	   having	   four	   basic	   units:	   1)	   feeder,	   2)	   registration,	   3)	   printing,	   and	   4)	   delivery,	  
identified	  by	  Gamota	  (Gamota,	  2004,	  pp.222-­‐224).	  
	  
	  
	  
Figure	  16	  -­‐	  Offset	  lithography	  press	  diagram	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2.4.1.5	  Inkjet	  printing	  
	  
Inkjet	  printing	  operates	  by	  controlling	  the	  production	  of	   ink	  droplets	  electronically,	  
which	   form	   the	   image	   when	   applied	   to	   the	   substrate.	   There	   are	   three	   different	  
categories	   for	   inkjet	   printers	   depending	   on	   their	  method	   of	   ink	   droplet	   formation	  
and	   how	   it	   is	   directed	   towards	   the	   target	   substrate;	   these	   are	   continuous	   inkjet,	  
drop-­‐on-­‐demand	   inkjet,	   and	   bubble	   jet,	   discussed	   by	   Gamota	   (Gamota,	   2004,	  
pp.320-­‐322).	  The	   ‘Independently	  dispersed	  metal	  ultrafine	  particle-­‐containing	  liquid	  
dispersion’	   patent	   application	   number:	   PCT/JP2001/009005	   was	   an	   international	  
application	  and	  filed	  in	  2001,	  published	  in	  2003,	  it	  was	  the	  first	  patent	  to	  cover	  metal	  
within	  ink	  for	  inkjet	  printing	  (Noriyuki	  and	  Masaaki,	  2003).	  
	  
Continuous	  inkjet	  systems	  (Figure	  17)	  produce	  a	  stream	  of	  droplets	  in	  which,	  when	  a	  
dot	   is	   required	   on	   the	   substrate,	   a	   droplet	   is	   electrically	   deflected	   using	   a	   set	   of	  
electronic	  signal	  driven	  discharge	  electrodes.	  This	  system	  is	  used	  when	  the	  quality	  of	  
the	   final	   image	   is	   not	   critical,	   such	   as	   product	   numbering.	   Droplets	   not	   being	  
used/deflected	  pass	  into	  a	  gutter,	  which	  recirculates	  them	  back	  into	  the	  ink	  reservoir	  
via	  an	  in-­‐line	  pump.	  
	  
	  
Figure	  17	  -­‐	  Continuous	  inkjet	  system	  diagram	  
	  
Drop-­‐on-­‐demand	  (DoD)	  inkjet	  systems	  (Figure	  18)	  have	  a	  piezo-­‐electric	  crystal	  (PZT)	  
at	  one	  end	  of	  the	  chamber	  and	  a	  nozzle	  that	  supplies	  ink	  at	  the	  other.	  When	  a	  dot	  is	  
required	  on	   the	   substrate,	  a	  voltage	   is	  applied	  which	  excites	   the	  PZT,	   causing	   it	   to	  
react,	   expanding	   and	   contracting.	   This	   reaction	   causes	   a	   pressure	   wave,	   which	  
creates	   the	   ink	  droplet	   that	   is	   then	  ejected	  at	   the	  end	  of	   the	   ink	  chamber	  through	  
the	  nozzle.	  This	  DoD	  system	  allows	  for	  a	  higher	  control	  and	  consistency	  than	  that	  of	  
continuous	   inkjet	  systems,	  due	  to	  the	  reduced	  complexity	  of	   the	  droplet	  and	  flight	  
distance.	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Figure	  18	  -­‐	  Drop-­‐on-­‐Demand	  inkjet	  system	  diagram	  
	  
Bubble	  jet	  printing	  systems	  (Figure	  19)	  are	  also	  considered	  as	  DoD	  inkjet	  technology	  
as	   the	   droplets	   are	   also	   produced	   on-­‐demand;	   however,	   the	   method	   of	   droplet	  
formation	  differs.	  The	  droplet	  is	  formed	  by	  the	  expansion	  of	  a	  bubble	  at	  the	  rear	  of	  
the	   chamber,	   which	   forces	   the	   ink	   through	   the	   nozzle.	   The	   vapour	   bubble	   is	  
produced	  by	   a	   high-­‐speed	  digitally	   controlled	  micro-­‐heater,	  which	   locally	   boils	   the	  
ink.	  
	  
	  
Figure	  19	  -­‐	  Bubble	  jet	  printing	  system	  diagram	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2.4.1.6	  Offset	  printing	  
	  
For	  industry	  scale	  printed	  electronics,	  offset	  printing	  (Figure	  20)	  is	  used	  as	  it	  allows	  
for	  roll-­‐to-­‐roll	  production.	  This	  allows	  for	  high	  volumes	  of	  printed	  electronics	  to	  be	  
produced;	  this	  modern	  offset	  printing	  press	  consists	  of	  three	  rotating	  cylinders.	  The	  
first	   is	   a	   ‘plate	   cylinder’	   in	  which	   a	  metal	   plate	   is	   fastened,	   second	   is	   one	   covered	  
with	   a	   sheet	   of	   rubber	   called	   the	   ‘blanket	   cylinder’,	   and	   last	   is	   the	   ‘impression	  
cylinder’	  which	  presses	  the	  paper	  into	  contact	  with	  the	  blanket	  cylinder	  (Britannica,	  
2013).	  This	  process	  is	  used	  for	  printing	  processes	  with	  plates;	  for	  printed	  electronics,	  
these	  are	  Lithography,	  Gravure,	  and	  Flexography.	  
	  
	  
Figure	  20	  -­‐	  Offset	  printing	  press	  diagram	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2.4.1.7	  Summary	  of	  printing	  processes	  
	  
For	  designing	  and	  printing	  electronics,	   the	  resolution	  of	  each	  process	   (Figure	  21)	   is	  
also	  essential	  knowledge	  for	  choosing	  which	  process	  is	  best	  for	  the	  job.	  As	  discussed	  
by	   the	   Organic	   Electronics	   Association,	   also	   known	   as	   the	   OE-­‐A	   (OE-­‐A,	   2013),	   the	  
resolution	  for	  each	  of	  these	  processes	  used	  for	  printed	  electronics	  can	  differ	  greatly.	  
The	  type	  of	  product	  and	  usual	  design	  manufacture	  choices	  or	  scale,	  such	  as	  if	  it	  is	  a	  
one-­‐off,	  mass	  or	  batch	  production,	  will	  also	  help	  in	  decision	  making	  when	  designers	  
consider	   these	   options.	   There	   are	   two	   processes	   that	   are	   included	   in	   the	   figure	  
below	  (Figure	  21)	  that	  are	  not	  included	  in	  this	  research	  as	  printing	  processes;	  these	  
are	  ‘laser	  ablation’	  and	  ‘xerography’.	  This	  is	  because	  neither	  of	  these	  two	  processes	  
are	  actually	  printing	  processes,	  ‘laser	  ablation’	  is	  a	  process	  used	  to	  remove	  material	  
from	  a	  solid	  surface	  with	  a	   laser	  beam,	  and	   ‘xerography’	   is	  a	  dry	  process	  that	  uses	  
powder	  which	  adheres	  to	  areas	  of	  a	  surface	  that	  remain	  electrically	  charged	  after	  it	  
has	  been	  exposed	  to	  light	  from	  an	  image	  of	  the	  chosen	  document	  to	  be	  copied.	  	  
	  
	  
Figure	  21	  –	  Resolution	  and	  throughput	  for	  a	  variety	  of	  processes	  
(OE-­‐A,	  2013)	  
	  
	  
The	  different	  printing	  techniques/processes	  can	  be	  compared,	  as	  discussed	  by	  Tan,	  
et	  al.	  (Tan,	  H.	  W.,	  et	  al.,	  2016,	  p.28),	   in	  regards	  to	  their	  printing	  form,	  ink	  viscosity,	  
minimum	   line	   width,	   layer	   thickness,	   and	   printing	   speed	   (Table	   1),	   and	   also	   the	  
advantages	   and	   disadvantages	   of	   each	   printing	   technique	   (Table	   2).	   There	   is	   a	  
process	  included	  in	  both	  of	  these	  tables	  (Table	  1	  and	  Table	  2)	  that	  is	  not	  included	  in	  
this	  research	  as	  a	  printing	  process,	  this	  is	  ‘aerosol-­‐jet’.	  This	  is	  because	  ‘aerosol	  jet’	  is	  
a	  spray	  deposition/coating	  process	  rather	  than	  a	  liquid	  printing	  process.	  
	  
	   41	  
	  
Table	  1	  -­‐	  Comparison	  of	  printing	  techniques	  –	  from	  Tan,	  et	  al.’s	  work	  in	  2016	  
	   Screen	  
Printing	  
Gravure	  
Printing	  
Flexographic	  
Printing	  
Offset	  
Lithography	  
Inkjet	  
Printing	  
Aerosol	  Jet	  
Printing	  
Form	  
Stencil,	  
Contact	  
Roll-­‐to-­‐
roll,	  
Contact	  
Roll-­‐to-­‐roll,	  
Contact	  
Roll-­‐to-­‐roll,	  
Contact	  
Digital,	  
Non-­‐
contact	  
Digital,	  
Non-­‐
contact	  
Ink	  
Viscosity	  
(cP)	  
1000-­‐
50,000	  
50-­‐200	   50-­‐500	   40,000-­‐
100,000	  
5-­‐20	   1-­‐5	  
(Ultrasonic	  
Atomizer)	  
1-­‐1000	  
(Pneumatic	  
Atomizer)	  
Minimum	  
Line	  
Width	  
(μm)	  
30-­‐50	   10-­‐50	   45-­‐100	   ~10	   30-­‐50	   >10	  
Layer	  
Thickness	  
(μm)	  
Up	  to	  12	  
(mesh	  
dependent)	  
0.8-­‐1	  
(solvent)	  	  
5-­‐8	  (UV	  
curing)	  
0.8-­‐1	  
(solvent)	  	  
Up	  to	  2.5	  
(UV	  curing)	  
0.5-­‐1.5	   <0.5	   0.1-­‐2	  
Printing	  
Speed	  
(m/min)	  
10-­‐15	   100-­‐1000	   100-­‐500	   200-­‐800	   15-­‐500	   Up	  to	  12	  
	  
	  
	  
Table	  2	  -­‐	  Advantages	  and	  disadvantages	  of	  printing	  techniques	  –	  from	  Tan,	  et	  al.’s	  
work	  in	  2016	  
Printing	  
Techniques	  
Advantages	   Disadvantages	  
Screen	  
Printing	  
• Substrates	  can	  be	  either	  flexible	  or	  
rigid	  
• Repeatable	  and	  precise	  printing	  of	  
electrical	  components	  
• Suitable	  for	  mass	  production	  of	  
patterning	  components	  on	  large	  area	  
substrates	  
• Thick	  layers	  are	  possible	  (>10	  μm)	  
• Only	  highly	  viscous	  or	  paste-­‐like	  inks	  
can	  be	  used	  
• High	  surface	  roughness	  
• Complex	  setups	  and	  preparations	  prior	  
to	  printing;	  high	  initial	  cost	  
• Low	  resolution	  
Gravure	  
Printing	  
• Fewer	  limiting	  constraints	  compared	  
to	  offset	  lithography	  or	  flexographic	  
printing	  
• Mechanically	  straightforward	  process	  
• High	  speed	  
• Well-­‐suited	  for	  the	  mass	  production	  of	  
printed	  electronics	  
• Capable	  of	  printing	  different	  ink	  layer	  
thickness	  on	  the	  substrate	  in	  a	  single	  
print	  
• Planar	  printing	  process,	  not	  suitable	  
for	  printing	  on	  non-­‐planar	  surfaces	  
• Materials	  with	  compressible	  and	  
supple	  properties	  are	  more	  preferred,	  
thick	  and	  rigid	  substrates	  may	  not	  be	  
applicable	  
• Complex	  setups	  and	  preparations	  prior	  
to	  printing;	  high	  initial	  cost	  
Flexographic	  
Printing	  
• Allows	  compressible	  substrates	  
surfaces,	  pressure	  sensitive	  foils	  and	  
• Planar	  printing	  process,	  not	  suitable	  
for	  printing	  on	  non-­‐planar	  surfaces	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metallized	  films	  to	  be	  printed	  
• High	  printing	  speed	  
• Flexible	  and	  thin	  substrates	  are	  
preferred,	  thick	  and	  rigid	  substrates	  
may	  not	  be	  suitable	  
• Complex	  setups	  and	  preparations	  prior	  
to	  printing;	  high	  initial	  cost	  
Offset	  
Lithography	  
• High	  printing	  speed	  
• Good	  image	  resolution	  
• Suitable	  for	  mass	  production	  
• High	  throughput	  
• Not	  practical	  for	  small	  quantities	  
productions	  as	  the	  printing	  plate	  
cylinder	  had	  to	  be	  customised	  for	  
every	  unique	  print	  job	  
• Planar	  printing	  process,	  not	  suitable	  
for	  printing	  on	  non-­‐planar	  surfaces	  
• Flexible	  and	  thin	  substrates	  are	  
preferred,	  thick	  and	  rigid	  substrates	  
may	  not	  be	  suitable	  
• Complex	  setups	  and	  preparations	  prior	  
to	  printing;	  high	  initial	  cost	  
Inkjet	  Printing	   • Contactless,	  digital	  and	  maskless	  
method	  
• Do	  no	  require	  pre-­‐manufactured	  
master	  printing	  plates	  
• Low	  possibilities	  of	  contamination	  and	  
damage	  to	  print	  components	  
• Materials	  –	  saving	  
• Substrates	  used	  can	  be	  either	  flexible	  
or	  rigid	  
• Allows	  multi-­‐materials	  and	  multilayer	  
print	  designs	  
• Clogging	  of	  nozzles	  are	  one	  of	  the	  
common	  problems	  
• Only	  low	  viscosity	  ink	  and	  specific	  
range	  on	  surface	  tensions	  are	  allowed	  
• Multiple	  layers	  must	  be	  printed	  in	  
order	  to	  achieve	  the	  desired	  thickness	  
• Unfavourable	  to	  non-­‐planar	  substrates	  
surfaces	  
• Incapable	  of	  operating	  at	  extremely	  
high	  frequencies	  applications	  due	  to	  
inkjet	  printing’s	  resolutions	  
• Lower	  throughput	  as	  compared	  to	  the	  
conventional	  printing	  techniques	  
• Coffee-­‐ring	  effects	  on	  the	  printed	  
droplets,	  that	  may	  cause	  uneven	  
distribution	  of	  material	  deposition	  
Aerosol-­‐jet	  
printing	  
• Contactless,	  maskless	  and	  digital	  
method	  
• Do	  not	  require	  pre-­‐manufactured	  
master	  printing	  plates	  
• Decrease	  the	  possibilities	  of	  
contamination	  and	  damage	  of	  printed	  
components	  
• No	  issues	  regarding	  the	  clogging	  of	  
nozzles	  
• Wide	  material	  options	  (metal,	  
dielectric	  materials,	  grapheme,	  carbon	  
nanotubes)	  
• High-­‐resolution	  printing	  
• Printing	  on	  orthogonal	  and	  non-­‐planar	  
surfaces	  are	  possible	  
• Substrates	  used	  can	  be	  either	  flexible	  
or	  rigid	  
• Allows	  multi-­‐materials	  and	  multilayer	  
printing	  designs	  
• Only	  a	  specific	  range	  of	  inks	  and	  
viscosities	  is	  preferred,	  typically	  in	  the	  
range	  of	  1-­‐1000	  cP	  
• Sheath	  gas	  required	  in	  the	  printing	  
process	  and	  this	  may	  add	  to	  the	  
operating	  cost	  
• Lower	  throughput	  as	  compared	  to	  the	  
conventional	  printing	  techniques	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2.4.2	  Printed	  electronics	  product	  examples	  
	  
In	  this	  section	  a	  wide	  variety	  of	  printed	  electronics	  product	  examples	  are	  examined,	  
demonstrating	   the	   technology’s	  diversity	   and	   some	  of	   the	  unique	  applications	   this	  
technology	   has	   been	   applied	   in.	   For	   a	   more	   in-­‐depth	   examination	   of	   the	   printed	  
electronics	   product	   examples	   discussed	   in	   this	   section,	   please	   see	   Appendix	   1:	   In-­‐
depth	  examination	  of	  printed	  electronics	  product	  examples.	  
	  
Printed	  electronics	  technology	  has	  existed	  and	  been	  discussed	  for	  years,	  with	  some	  
of	  the	  earliest	  printed	  electronics	  papers	  published	  in	  the	  early	  1990s	  discussing	  the	  
use	   of	   polymer	   bonding	   to	   create	   direct	   chip	   interconnect	   (Gilleo,	   1990.	   pp.	   229-­‐
234).	  However,	  it	  is	  considered	  ‘new’	  technology	  as	  it	  has	  recently	  started	  to	  emerge	  
in	   a	   range	   of	   applications,	   and	   is	   at	   a	   point	   now	   where	   the	   ink	   formulations	   are	  
reproducible	  and	  therefore	  commercial.	  This	  allows	  companies	  and	  also	  the	  public	  to	  
purchase	  electronic	  inks	  and	  print	  with	  them,	  yet	  the	  results	  from	  this	  exposure	  has	  
been	  limited	  in	  the	  types	  of	  applications	  from	  companies,	  and	  small	  home	  projects	  
from	  the	  public.	  The	  extent	  of	   this	   technology	  within	  a	  product	  design	  context	  has	  
not	  yet	  been	  explored,	  it	  seems	  that	  industrial	  design	  students	  have	  a	  perceived	  lack	  
of	  exposure	  to	  this	  technology.	  
	  
Printed	   electronics	   are	   based	   on	   a	   combination	   of	   cost	   effective	   and	   large	   area	  
production	   processes,	   along	   with	   new	   materials,	   organic	   and	   printed	   electronics	  
open	  up	  new	  areas	  of	  application	  (Cantatore,	  2013,	  p.2).	  Key	  advantages	  of	  organic	  
electronics	   are	   being	   lightweight,	   environmentally	   sustainable,	   flexible	   and	   thin.	  	  
They	   can	   be	   produced	   through	   low	   cost	   reel-­‐to-­‐reel	   processes,	   allowing	   the	  
production	  of	  a	  wide	  range	  of	  electrical	  components.	  	  
	  
Organic	  and	  printed	  electronics	  is	  also	  seen	  as	  a	  ‘platform	  technology’	  as	  it	  is	  often	  
based	  on	  both	   inorganic	   printable	  materials	   and	   also	  organic	   semi-­‐conducting	   and	  
conducting	   materials,	   opening	   up	   new	   possibilities	   for	   products	   and	   applications	  
(Cantatore,	  2013,	  p.3).	  
	  
Printed	   electrical	   interconnect	   circuits	   can	   be	   populated	  with	   conventional,	   silicon	  
components	   which	   can	   help	   the	   current	   printed	   electronics	   keep	   up	   to	   date	   and	  
competitive	   against	   other	   products	   until	   the	   technology	   for	   printed	   components	  
catches	  up.	  It	  usually	  consists	  of	  conventional	  electronic	  components	  being	  attached	  
(using	  conductive	  glue	  or	  paste	  –	  like	  solder)	  onto	  a	  printed	  electronics	  circuit	  board,	  
and	  can	  often	  offer	   the	  functionality	  needed	  for	  a	  product.	   ‘Printoo’	   is	  an	  example	  
that	  utilises	   this	   approach,	   allowing	   for	  both	  a	   flexible	   circuit	   and	  high	   functioning	  
components	  (Ynvisible,	  2014).	  Its	  modular	  platform,	  along	  with	  the	  ability	  to	  create	  
apps,	   to	   control	   and	   connect	   to	   Printoo,	   opens	   up	   potential	   for	   educational	  
applications,	   allowing	  users	   to	  build	   and	   control	   electronics	   quickly	   (Lomas,	   2014).	  
Showing	  designers	  an	  example	  such	  as	  this	  could	  help	  to	  change	  their	  perspectives	  
of	  designing	  with	  electronics,	  as	  with	  the	  added	  flexibility	  of	   the	  printed	  electronic	  
circuit	   board,	   designers	   could	   explore	   different	   forms	  of	   an	   electronic	   product,	   no	  
longer	  constricted	  to	  a	  rigid	  circuit	  board.	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The	   elements	   of	   printed	   electronics	   technology	   that	   are	   at	   the	   research	   stage	   of	  
development	   are	   of	   importance	   to	   show	   designers	   as	   they	   can	   then	   be	   aware	   of	  
what	  the	  upcoming	  developments	  are	  and	  they	  can	  then	  therefore	  think	  about	  what	  
applications	  and	  products	  they	  can	  design	  for	  in	  future.	  Research	  has	  begun	  on	  the	  
topic	  of	  the	  removal	  and	  recycling	  of	  the	  conventional	  silicon	  components	  from	  the	  
printed	  circuit	  board	  (Treacy,	  2012),	  an	  important	  aspect	  for	  the	  design	  of	  products	  
to	  help	  minimise	   the	   chances	  of	   products	   ending	  up	   in	   landfill.	   Printed	  electronics	  
circuits	  can	  also	  be	  dissolved	  in	  deionized	  (DI)	  water	  if	  printed	  onto	  a	  silk	  substrate,	  
with	  a	  lifetime	  before	  it	  dissolves	  ranging	  from	  days	  to	  years	  (Hwang,	  et	  al.	  2012.	  pp.	  
1640-­‐1644)	  which	  could	  be	  of	  use	  in	  the	  design	  of	  medical	  applications	  etc.	  and	  for	  
providing	  insights	  for	  designers	  with	  regards	  to	  what	  is	  possible	  with	  the	  technology	  
and	   help	   to	   inspire	   them	   to	   design	   for	   different	   applications	   and	   products.	   Skin	  
mounted	  printed	  electronics	  are	  also	  possible	  and	  can	  be	  used	  for	  health	  monitoring	  
applications	   which	   conform	   to	   the	   shape	   of	   the	   skin,	   attached	   via	   a	   temporary	  
transfer	  tattoo	  (Rogers	  Research	  Group.,	  2015;	  Kim,	  et	  al.	  2011.	  pp.	  838-­‐843),	  it	  was	  
also	  tested	  in	  a	  different	  application	  being	  a	  human/machine	  interface	  non	  invasive	  
computer	   game	   controller,	   placed	   on	   the	   users	   throat,	   the	   user	   can	   vocalise	  
commands	   such	   as	   ‘up’	   or	   ‘down’	   to	   play	   the	   computer	   game.	   	   Alternatively,	   the	  
electronics	  can	  be	  attached	  to	  an	  individual’s	  skin	  using	  a	  spray	  on	  bandage	  (Yeo,	  et	  
al.	   2013),	   a	  method	   that	   allows	   parts	   of	   the	   circuit	   to	   be	   peeled	   off	   the	   skin	   and	  
others	   re-­‐attached	   if	  needed.	  Research	  such	  as	   this	   can	  help	  designers	  understand	  
how	  diverse,	  conformable,	  and	  flexible	  the	  technology	  can	  be,	  and	  inspire	  them	  with	  
designs	  for	  the	  future.	  	  
	  
A	   spin	   out	   company	   called	   MC10	   (MC10	   Inc.,	   2015)	   was	   created	   from	   Rogers	  
research	  group	  (Rogers	  Research	  Group.,	  2015)	  on	  the	  research	  related	  to	  epidermal	  
electronic	   systems	   (EES)	   transferred	   from	   lab	   research	   and	   experiments	   to	   fully	  
functioning,	   commercially	   available	   products.	   They	   developed	   a	   product	   called	  
‘Checklight’	  with	  Reebok,	  a	  head	  impact	  indicator	  to	  show	  the	  severity	  of	  a	  blow	  to	  
the	  head,	  it	  consists	  of	  a	  skullcap	  with	  a	  network	  of	  sensors	  on	  the	  inside	  that	  can	  be	  
worn	  on	  its	  own	  or	  under	  a	  helmet	  during	  sports	  and	  fitness	  activities,	  available	  to	  
purchase	  at	  $149.98	  each	  through	  Reebok’s	  website	  (Reebok	  International,	  2013).	  It	  
is	   designed	   as	   a	   safety	   focused,	   teaching	   tool	   to	   be	   used	   by	   athletes,	   coaches,	  
athletic	  trainers	  and	  parents.	  This	  is	  a	  good	  example	  of	  how	  technology	  research	  can	  
be	  translated	  into	  a	  commercially	  viable	  product,	  and	  so	  if	  designers	  can	  understand	  
the	   technology	   in	   its	   research	   stage,	   they	   can	   then	  begin	   to	   think	   about	  how	   that	  
technology	   can	  be	   translated	   into	   a	  product	   that	  utilises	   the	   technology’s	  benefits	  
whilst	  providing	  a	  design	  solution	  for	  an	  end	  user.	  	  
	  
Printed	   electronics	   can	   also	   be	   encapsulated	   and	   therefore	   made	   wearable,	  
withstanding	  up	  to	  100	  wash	  cycles	  for	  applications	  such	  as	  smart	  clothing	  (DuPont,	  
2015a)	  which	   allows	   designers	   greater	   creative	   freedom	  when	   designing	  with	   this	  
technology	   as	   they	   no	   longer	   need	   to	   be	   concerned	   with	   the	   electronics	   in	   their	  
designs	   being	   exposed	   to	   water	   damage.	   Wearable	   product	   examples	   (BeBop	  
Sensors,	  2016;	  Printed	  Electronics	  Ltd,	  2016a;	  Rest	  Devices	   Inc.,	  2015)	  are	  valuable	  
to	   show	   to	   designers	   for	   inspiration	   of	   how	   others	   have	   integrated	   printed	  
electronics	   into	   fabrics.	   Also	   product	   examples	   of	   how	   others	   have	   designed	  with	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printed	  electronics	  in	  different	  sectors,	  such	  as	  using	  it	  in	  NFC	  and	  RFID	  applications	  
(Meyer,	   D.,	   2014;	   Novalia,	   2016;	   Thinfilm,	   2016;	   PragmatIC,	   2015),	   to	   improve	   an	  
existing	  product	   (Catapult	  High	  Value	  Manufacturing,	  2014),	   in	   the	  beauty	   industry	  
(Blue	  Spark	  Technologies,	  2014;	  VTT,	  2015d;	  Savastano,	  D.,	  2015d),	  displays	  (Boogie	  
Board,	  2016;	  Ynvisible,	  2016),	  energy	  harvesting	  (ARMOR	  group,	  2015;	  VTT,	  2015a),	  
musical	   instruments	   (ARMdevices.net,	   2016;	   Roger	   Linn	   Design,	   2016;	   Keith	  
McMillen	  Instruments,	  2015),	  thermometers	  (TempTraq,	  2015),	  thermoforming	  (3D),	  
in-­‐mould,	  and	  injection	  mould	  processes	  for	  interactive	  3D	  formed	  surfaces	  (DuPont,	  
2016a;	   DuPont,	   2015b;	   TactoTek,	   2016;	   T+ink,	   2016),	   printing	   directly	   onto	   a	   3D	  
surface	  (Meyer,	  D.,	  2014;	  Printed	  Electronics	  Ltd,	  2016a),	  and	  designs	  inspired	  by	  the	  
technology’s	   unique	   characteristics	   (Campbell-­‐Dollaghan,	   K.,	   2013;	   Azzarello,	   N.,	  
2015),	  	  
	  
To	   conclude,	   these	   product	   examples	   of	   printed	   electronics	   highlight	   some	   of	   the	  
existing,	  and	  future	  potential	  of	  this	  technology.	  Whilst	  some	  of	  these	  are	  still	  under	  
development	   in	   labs,	   others	   have	   become	   commercially	   available	   and	   are	   already	  
beginning	   to	   change	   how	   we	   design,	   and	   how	   products	   are	   designed	   with	  
electronics,	   whilst	   optimising	   printed	   electronic	   technology’s	   benefits	   that	   differ	  
from	   that	   of	   conventional	   electronics.	   Product	   examples	   such	   as	   these	   are	   very	  
important	   to	   acknowledge	   as	   they	   could	   provide	   us	   with	   future	   insights	  
(technological	  performance,	  making	   the	  surfaces	  around	  us	   interactive,	   lightweight	  
and	   flexible	   form	   factors,	  etc.)	   into	   the	  potential	  of	   this	   technology	  and	  could	  also	  
spark	  new	  ideas	  and	  inspiration	  for	  future	  designs.	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2.4.3	   Comparison	   of	   printed	   electronics	   with	  
conventional	  electronics	  
	  
Looking	  at	  a	  variety	  of	  economic	  and	  technological	  factors,	  discussed	  also	  by	  Gamota	  
(Gamota,	   2004,	   pp.525-­‐529)	   silicon	   electronics	   and	   printed	   electronics	   can	   be	  
compared.	   The	   reasons	   for	   choosing	   printed	   electronics	   can	   be	   compared	   and	  
rationalised	  when	  choosing	  types	  of	  production	  and	  electronics	  (Table	  3).	  
	  
Table	  3	  -­‐	  Characteristics	  of	  printed	  electronics	  versus	  silicon	  electronics,	  and	  reasons	  
for	  printed	  electronics	  
	   Silicon	  Technology	   Printed	  Electronics	  
	  
Economic	  
Differentiation	  
High	  cost	  per	  unit	  area	   Low-­‐cost	  per	  unit	  area	  
High	   capital	   in	   dedicated	  
plant	  
Low	  capital	  flexible	  plant	  
Large	  batch	  sizes	   Manufacture	  on	  demand	  
	  
Technological	  
Differentiation	  
Small	  area	  products	   Large	  area	  products	  
Rigid	  substrates	   Flexible	  substrates	  
Fragile	   Robust	  
Fast	  carrier	  transport	   Slower	  carrier	  transport	  
	  
Reasons	  For	  Choosing	  Printed	  Electronics	  
	  
• Functionality:	  Flexible	  
• Size:	  Super	  large	  displays	  (posters)	  
• Substrate:	  Paper	  film	  or	  fabric	  based	  devices	  
• Cost:	  Direct	  integration	  into	  other	  products	  
• Weight:	  Electronic	  paper	  
	  
	  
More	   advantages	   for	   choosing	   printed	   electronics	   are	   for	   volume	   production	   (low	  
cost	  and	   fast),	  different	  applications	   (forms,	   size,	   flexible,	   function)	  and	   to	  save	  on	  
materials/environmental,	  minimising	  metal	  waste,	  compared	  to	  PCBs	  (Printed	  Circuit	  
Boards).	  However,	  even	  when	   in	   favour	  of	  a	  particular	  product	  being	  produced	  by	  
printed	   electronics	   over	   silicon	   technology,	   there	   are	   still	   a	   few	   typical	   blockers	  
which	  may	   hinder	   its	   development.	   These	   blockers	   are:	   inelastic	  markets	   (nobody	  
willing	  to	  buy/demand	  is	  zero	  until	  price	  has	  decreased	  drastically	  in	  price	  e.g.	  RFID	  
tags),	   competition	   from	  existing	   technology	   (comparisons	   to	   a	   silicon	   version)	   and	  
also	   market	   infrastructure	   (within	   the	   creation	   of	   an	   infrastructure,	   requirements	  
needed	  for	  standardisation)	  (Gamota,	  2004,	  pp.525-­‐529).	  
	  
Conventional	   electronics	   create	   two	   major	   environmental	   hazards	   through	   the	  
manufacture	  of	  PCBs:	  1)	  waste	  effluent	  (that	  is	  acidic	  and	  contains	  heavy	  metals	  e.g.	  
copper),	   and	   2)	   the	   use	   of	   hydrocarbons	   in	   photoresist	   developer	   and	   stripper.	  
Water	   authorities	   are	   imposing	  more	   strict	   pollution	   limits	   in	   order	   to	   reduce	   the	  
amount	  of	   copper	   in	   effluent.	  By	  using	  printed	  electronics	   instead	  of	   conventional	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electronics	   processes,	   waste	   effluent	   could	   be	   eliminated	   and	   also	   this	   additive	  
process	  can	  offer	  considerable	  cost	  savings	  (Harrison,	  D.,	  et	  al.	  1997).	  
	  
Looking	   at	   the	   advantages	   and	   disadvantages	   of	   both	   fully	   additive	   (printed	  
electronics)	   and	   conventional	   methods	   of	   producing	   electronics	   and	   electronic	  
components,	  as	  discussed	  by	  Tan,	  et	  al.	  (Tan,	  H.	  W.,	  et	  al.,	  2016)	  both	  methods	  can	  
be	  compared.	  The	  reasons	  for	  choosing	  the	  manufacturing	  method	  can	  be	  compared	  
and	  rationalised	  when	  considering	  electronic	  component	  functionality/performance,	  
prototyping,	   and	  environmental	   issues	  when	  producing,	   and	   in	   the	  disposal	   of	   the	  
electronics	  (Table	  4).	  
	  
Table	  4	  -­‐	  Advantages	  and	  disadvantages	  of	  ‘fully	  additive’	  (printed	  electronics)	  and	  
‘conventional’	  methods	  of	  manufacturing	  electronics	  
	   Advantages	   Disadvantages	  
‘Fully	  
Additive’	  
method	  
(Printed	  
Electronics)	  
Mitigates	  the	  disadvantages	  of	  the	  
conventional	  ‘mixed	  subtractive-­‐
additive’	  methods	  and	  eliminates	  
the	  time	  bottleneck	  in	  the	  current	  
prototyping	  process	  of	  
manufacturing	  electronic	  circuits.	  
Electronics	  components	  
manufactured	  by	  the	  ‘fully	  additive’	  
methods	  generally	  have	  poorer	  
performances	  than	  those	  
manufactured	  by	  the	  conventional	  
‘mixed	  subtractive-­‐additive’	  
methods.	  	  	  
Ability	  to	  produce	  customisable	  
and	  bendable	  electronics	  
Environmental	  challenges,	  especially	  
at	  the	  end-­‐of-­‐life	  phase	  of	  the	  
printed	  products.	  
Do	  not	  use	  corrosive	  chemicals	  and	  
are	  more	  environmentally-­‐friendly	  
than	  the	  conventional	  ‘mixed	  
subtractive-­‐additive’	  methods.	  
The	  disposing	  process	  is	  usually	  
through	  landfill,	  which	  may	  cause	  
leaching,	  or	  incineration,	  which	  may	  
produce	  hazardous	  gases.	  
Wide	  range	  of	  compatible	  
substrates	  including	  flexible	  ones	  
such	  as	  plastic	  films,	  papers	  and	  
fabrics	  
Many	  printed	  electronic	  components	  
are	  designed	  to	  be	  low	  cost.	  So,	  
disposing,	  other	  than	  reuse	  or	  
recycling,	  of	  these	  components	  may	  
be	  more	  preferred	  for	  cost	  
effectiveness.	  
Substantial	  time	  reduction	  for	  
prototyping	  	  
	  
Conventional	  
‘mixed	  
subtractive-­‐
additive’	  
approach	  
Electronics	  components	  have	  high	  
performances.	  
Excessive	  wastage	  resulted	  from	  the	  
subtractive	  processes	  
Been	  widely	  and	  commonly	  used	  in	  
mass	  production	  of	  printed	  circuit	  
boards	  (PCBs)	  
Time	  bottlenecks	  in	  prototyping	  and	  
development	  stage	  
High	  manufacturing	  costs	  
Pollution	  due	  to	  corrosive	  chemicals	  
usage	  
Manufacturing	  processes	  employed	  
by	  this	  approach	  for	  multilayer	  PCBs	  
are	  inherently	  complicated	  as	  the	  
masking	  and	  etching	  steps	  are	  
required	  at	  every	  layer	  using	  specially	  
designed	  machinery	  and	  framework.	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2.4.4	  Technology	  framework	  
	  
When	  gaining	  an	  understanding	  about	  a	  new	  technology,	  a	  framework	  can	  provide	  a	  
good	   basis	   from	   which	   to	   start.	   For	   printed	   electronics	   technology,	   due	   to	   its	  
complexity,	  a	   taxonomy	   is	  appropriate	   for	  a	   framework	  as	   it	  provides	  a	  method	  of	  
displaying	   the	   technology	   into	   many	   different	   sections.	   A	   taxonomy	   refers	   to	   the	  
method	   of	   arrangement	   and	   classification	   of	   something,	   each	   element	   or	   section	  
within	  the	  system	  is	  called	  a	  taxon.	  However,	  taxonomies	  do	  have	  limitations	  in	  that	  
they	   are	   a	   very	   linear	   way	   of	   presenting	   or	   organising	   information	   about	   a	  
technology	   or	   topic,	   and	   some	   areas	   also	   overlap	   which	   do	   not	   lend	   themselves	  
easily	   to	   a	   clear,	   linear	   taxonomy	   as	   they	   do	   not	   necessarily	   ‘fit’	   into	   a	   specific	  
category,	  as	  Wagner	   (1964)	  discussed	  the	   importance	  of	  defining	  a	   taxonomy	  on	  a	  
topic,	  but	   that	   the	   idea	  of	  a	  specific	   taxon	  such	  as	   ‘species’	   is	  an	  “elusive	  concept”	  
which	  makes	  it	  challenging	  to	  make	  a	  “clean-­‐cut	  definition”	  of	  any	  particular	  taxon,	  
and	  the	  difficulty	  of	  overlapping	  areas	  and	  whether	  they	  would	  then	  need	  a	  different	  
name,	  such	  as	  “a	  class	  of	  compounds	  of	  a	   ‘general	  alkaloid	  character’	  described	  as	  
‘pseudoalkaloids’.”.	  Wagner	  also	  expresses	  an	  important	  point	  of	  the	  importance	  of	  
researchers	  within	  the	  subject	  area/topic	  to	  share	  and	  publish	  their	  findings	  in	  order	  
for	   up-­‐to-­‐date	   definitions	   to	   be	   achieved	   within	   the	   language	   of	   the	   topic	   and	   a	  
taxonomy:	   “Phytochemical	   researchers	   who	   make	   detailed	   studies	   of	   plant	  
substances	  should	  realize	  the	  importance	  of	  documenting	  their	  work	  by	  placing	  good	  
specimens	  of	  their	  research	  plants	  in	  institutional	  herbaria.	   In	  this	  way	  only	  can	  the	  
year-­‐to-­‐year	   vagaries	   of	   identification	   and	   naming	   be	   overcome	  and	   the	   published	  
data	   be	   reliably	   associated	   with	   a	   definite	   plant.”	   (Wagner,	   1964.	   p1428).	   A	  
challenge	   of	   creating	   a	   taxonomy	   is	   determining	   how	   to	   display	   or	   categorise	   the	  
different	  elements	  of	  a	  technology	  into	  areas,	  and	  the	  titles	  assigned	  to	  those	  areas	  
being	   broad	   enough	   to	   include	  many	   different	   elements.	  Whilst	   taxonomies	   have	  
limitations	  and	  can	  be	  challenging	  to	  create,	   it	   is	  still	  the	  most	  appropriate	  method	  
to	  use	  in	  this	  research	  as	  it	  offers	  a	  clear	  and	  constructed	  method	  of	  arranging	  and	  
categorising	  complex	  information	  on	  a	  topic	  such	  as	  a	  new	  technology.	  	  
	  
Everitt	  et	  al.	  discussed	  the	  ability	  to	  group	  similar	  objects	  to	  produce	  a	  classification	  
as	  being	  one	  of	  the	  most	  basic	  abilities	  of	  a	  living	  creature	  (Everitt,	  et	  al.	  2001.	  pp.1-­‐
2).	  Such	  abilities	  are	  seen	  in	  that	  of	  early	  humans,	  such	  as	  objects	  that	  shared	  certain	  
properties,	   for	   example	   being	   edible,	   or	   ferocious,	   or	   poisonous	   etc.	   Everitt	   et	   al.	  
describes	   the	   need	   for	   classification	   as	   being	   “for	   the	   development	   of	   language	  
which	  consists	  of	  words	  which	  help	  us	  to	  recognize	  and	  discuss	  the	  different	  types	  of	  
events,	  objects	  and	  people	  we	  encounter.	  Each	  noun	   in	  a	   language,	   for	  example,	   is	  
essentially	  a	   label	  used	  to	  describe	  a	  class	  of	   things	  which	  have	  striking	   features	   in	  
common;	   thus	   animals	   are	   called	   cats,	   dogs,	   horses,	   etc.,	   and	   each	   name	   collects	  
individuals	  into	  groups.	  Naming	  and	  classifying	  are	  essentially	  synonymous”	  (Everitt,	  
et	  al.	  2001.	  p.1).	  
	  
In	   biology,	   Aristotle	   created	   an	   elaborate	   system	   to	   classify	   species	   of	   the	   animal	  
kingdom,	   firstly	   dividing	   animals	   into	   two	   groups,	   those	   that	   have	   red	   blood	  
(vertebrates)	   and	   those	   that	   lack	   it	   (invertebrates),	   and	   secondly	   subdividing	   them	  
according	  to	  how	  their	  young	  are	  produced	  (in	  eggs,	  as	  pupae,	  alive	  etc.)	  (Everitt,	  et	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al.	  2001.	  p.1).	  The	  classification	  of	  animals	  in	  the	  form	  of	  hierarchies	  were	  developed	  
mainly	  in	  the	  seventeenth	  and	  eighteenth	  centuries,	  and	  for	  zoologists	  it	  reached	  a	  
nearly	  definitive	   form	   in	   the	  tenth	  edition	  of	   ‘System	  naturae’	   in	  1958	  by	  Linnaeus	  
and	  was	  called	  ‘the	  Linnaean	  hierarchy’,	  consisting	  of	  seven	  levels:	  Kingdom,	  Phylum,	  
Class,	  Order,	  Family,	  Genus,	  and	  Species	   (Simpson,	  G.G.,	  1961,	  p.	  16).	   In	   this	   tenth	  
edition,	  each	  species	  name	  was	  limited	  to	  one	  term	  and	  it	  was	  considered	  to	  be	  the	  
actual	  beginning	  of	  modern	  classification	  (Winchester,	  A.M.	  and	  Lovell,	  H.B.,	  1961,	  p.	  
87).	  Linnaeus’	  arrangement	  of	  groups	  of	  animals	  (now	  called	  ‘taxa’)	  were	  a	  series	  of	  
increasingly	   inclusive	   range:	   “similar	   species	  were	   associated	   in	   one	   genus,	   similar	  
genera	   in	   an	   order,	   similar	   orders	   in	   a	   class”	   (Savory,	   T.,	   1970,	   p.	   19),	   Savory	  
discussed	  that	  this	  principle	  was	  evidently	  theoretically	  sound	  as	  it	  has	  survived	  and	  
there	   has	   been	   an	   absence	   of	   any	   competing	   alternatives.	   Goto	   discussed	   that	  
“classification	  results	   in	  the	  construction	  of	  a	  hierarchy”	  (Goto,	  H.E.,	  1982,	  p.4)	  and	  
provided	  an	  example	  of	  a	   taxonomic	  hierarchy	   through	   the	  classification	  of	   the	  St.	  
Kilda	   Wren.	   The	   molecular	   and	   cellular	   components	   that	   comprise	   the	   immune	  
system	  have	  also	  been	  studied	  and	  used	  as	  a	  different	  method	  in	  creating	  an	  animal	  
taxonomy.	  Goto	  discussed	  how	  immunological	  techniques	  are	  widely	  used	  in	  animal	  
taxonomy	   and	   illustrates	   the	   use	   of	   immunodiffusion,	   with	   special	   reference	   to	  
primates	   and	   their	   affinities	   using	   a	   dendrogram	   tree	   (Goto,	   H.E.,	   1982,	   p.30-­‐32).	  
Theophrastos,	   after	   Aristotle,	  wrote	   the	   first	   structure	   and	   classification	   of	   plants;	  
these	   provided	   the	   groundwork	   of	   biological	   research	   for	  many	   centuries	   (Everitt,	  
2001.	  p.1).	   “In	  biology	   the	   theory	  and	  practice	  of	   classifying	  organisms	   is	  generally	  
known	  as	   taxonomy”	   (Everitt,	   et	   al.	   2001.	   p.2).	   Stace	   (Stace,	   C.A.,	   1980,	   pp.27-­‐28)	  
discusses	   the	   two	  most	   important	   works	   for	   plant	   taxonomists	   were	   by	   Linnaeus	  
which	   were	   the	   ‘Genera	   Plantarum’	   published	   in	   1737	   and	   its	   later	   editions,	   and	  
‘Species	  Plantarum’	  published	  in	  1753	  and	  its	   later	  editions;	   in	  both	  of	  these	  works	  
plants	   were	   classified	   according	   to	   his	   artificial	   ‘sexual	   system’,	   a	   system	   first	  
published	  in	   ‘Systema	  Naturae’	   in	  1735	  which	  also	  classified	  all	  known	  animals	  and	  
minerals.	  In	  the	  work	  of	  Heywood	  (Heywood,	  V.H.,	  1976,	  pp.14-­‐15)	  and	  Stace	  (Stace,	  
C.A.,	  1980,	  pp.8-­‐12)	  they	  discuss	  the	  taxonomic	  hierarchy	  ranks	  with	  different	  levels	  
of	   groups	   and	   categories	   of	   plants,	   they	   are	   ranked	   based	   on	   their	   overall	  
similarities;	   yet	   in	   the	   work	   of	   Holmes	   (Holmes,	   S.,	   1983,	   pp.2-­‐3)	   two	   extra	  
taxonomic	   hierarchy	   ranks	   are	   present,	   ‘class’	   and	   ‘order’,	   in	   the	   ranking	   order:	  
Kingdom,	  Division	  (Phylum),	  Class,	  Order,	  Family,	  Genus,	  Species.	  	  
	  
	  
Taxonomies	   have	   been	   used	   before	   in	   design	   research	   for	   coding	   analysis	   when	  
exploring	   complex	   patterns	   in	   the	   activity	   of	   design	   practitioners	   (Cash,	   and	  
Stanković,	  2014.	  pp.	  1-­‐28).	  Ali	   (Ali,	  et	  al.	  2013.	  pp.	  1494-­‐1520)	  created	  a	  taxonomy	  
with	  critics	   (Figure	  22)	  (used	   in	  computer-­‐mediated	  tasks,	  a	  specific	  tool	   feature	  to	  
support	   users)	   to	   assist	   others	   in	   “identifying,	   categorizing,	   developing,	   and	  
deploying	   computer-­‐supported	   critics	   in	   a	   range	   of	   domains”	   (Ali,	   et	   al.	   2013.	   pp.	  
1494).	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Figure	  22	  -­‐	  Critic	  taxonomy	  
(Ali,	  et	  al.	  2013.	  pp.	  1496)	  
	  
	  
In	  Oxman’s	  work,	  taxonomies	  were	  used	  to	  expand	  the	  inter-­‐relationships	  between	  
design	  and	  technology	  with	  the	  developments	  of	  fabrication	  technologies	  and	  digital	  
design	  (Oxman,	  2012.	  pp.	  427-­‐455)	  to	  be	  used	  to	  “educate	  designers	  to	  function	  as	  
material	  practitioners”	  (Oxman,	  2012.	  pp.	  452)	  posing	  as	  a	  cultural	  shift,	  challenging	  
existing	  methods	  of	  design	  practice.	  Oxman	  states	  that	  “The	  control	  and	  the	  flow	  of	  
digital	   information	   is	   now	  available	   to	   the	  designer	  as	  a	  new	   form	  of	  guidance,	   or	  
driver,	   of	   tectonic	   process	   in	   which	   form-­‐structure	   and	   material	   are	   mutually	  
informed	   in	   the	   processes	   of	   design”	   (Oxman,	   2012.	   pp.	   452).	   Oxman	   observed	   a	  
growing	  level	  of	  engagement	  between	  technology	  and	  design,	  it	  is	  an	  area	  of	  design	  
study	   across	   many	   design	   disciplines	   and	   one	   that	   has	   the	   term	   of	   ‘empowering	  
technologies’	   used	   alongside	   of	   the	   terms	   ‘concepts’	   and	   ‘models’,	   bringing	   these	  
areas	  of	  design	  together.	  	  
	  
In	  previous	  work	  others	  have	  translated	  information	  into	  taxonomies	  to	  be	  used	  as	  
an	  educational	  innovation	  for	  designers,	  such	  as	  in	  Ahmed’s	  work	  (Ahmed,	  2005.	  pp.	  
565-­‐592)	   on	   developing	   an	   intuitive	   design	   knowledge	   index	   for	   engineering	  
designers,	  two	  taxonomies	  were	  created	  for	  ‘Issues’	  being	  “several	  considerations	  a	  
designer	  must	  make	  whilst	   designing	   a	   product”	   (Ahmed,	   2005.	   pp.	   572-­‐573),	   and	  
‘Functions’	  being	  “for	  their	  suitability	  of	  indexing	  design	  knowledge”	  (Ahmed,	  2005.	  
pp.	   572-­‐573).	   Based	   on	   this	   research,	   Ahmed	   concluded	   that	   the	   total	   of	   four	  
taxonomies	   were	   identified	   as	   part	   of	   the	   indexing	   method	   for	   engineering	  
designers,	   these	  were:	   design	   process,	   product,	   functions,	   and	   issues;	   forming	   the	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Engineering	   Design	   Integrated	   Taxonomy	   (EDIT)	   (Ahmed,	   2005.	   pp.	   590-­‐591).	  
Ahmed’s	  work	  highlighted	  a	  particularly	  interesting	  area	  when	  it	  came	  to	  describing	  
the	   design	   process,	   due	   to	   the	   experience	   of	   the	   designers	   differing,	   so	   did	   their	  
number	   of	   functions	   referred	   to	   in	   the	   design	   process,	   so	   therefore	   by	   “using	   a	  
function	   taxonomy	  could	  encourage	  novice	  designers	   to	   think	   in	   terms	  of	   the	  more	  
experienced	  designers”	  (Ahmed,	  2005.	  p.	  590).	  This	  is	  an	  interesting	  approach	  of	  not	  
only	   helping	   novice	   designers	   to	   think	   in	   a	   more	   experienced	   way,	   but	   also	   it	  
introduces	  a	  mutual	  language	  or	  understanding	  of	  how	  design	  is	  discussed.	  	  	  
	  
Pei	   et	   al.’s	   work	   on	   the	   development	   of	   a	   “teaching	   and	   learning	   tool	   in	   design	  
education”	   (Pei,	   et	   al.	   2010.	   pp.	   139-­‐166)	   that	   builds	   a	  mutual	   language	   for	   inter-­‐
disciplinary	   collaboration	   during	   ‘New	   Product	   Development	   (NPD)’	   between	  
industrial	  designers	  and	  engineering	  designers	  achieved	  this	  by	  creating	  a	  taxonomy	  
generated	   that	   comprised	   of	   “35	   forms	   of	   sketches,	   drawings,	   models	   and	  
prototypes”	   (Pei,	   et	   al.	   2010.	   p.	   162)	  when	   looking	   to	   bridge	   differences	   in	   design	  
representations.	  	  
	  
Pei	   et	   al.	   then	   built	   on	   this	   research	   (Pei,	   et	   al.	   2011.	   pp.	   64-­‐91)	   by	   creating	   a	  
taxonomy	   of	   this	   information	   to	   be	   used	   by	   industrial	   designers	   and	   engineering	  
designers	   in	   this	   NPD	   stage	   and	   then	   incorporated	   visual	   design	   representations	  
(VDRs)	  creating	  a	  refined	  taxonomy	  (Figure	  23),	  each	  image	  supported	  the	  definition	  
of	  each	  taxon.	  
	  
Figure	  23	  -­‐	  Taxonomy	  of	  Visual	  Design	  Representations	  
(Pei,	  et	  al.	  2011.	  p.	  71)	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2.4.5	  Conventional	  electronics	  elements	  /	  components	  /	  
areas	  
	  
In	   this	   section	   the	   descriptions	   of	   the	   elements	   or	   components	   or	   areas	   of	  
conventional	   electronics	   are	   explored	   from	   two	   different	   perspectives:	   electronics	  
(technical)	  perspective,	  and	  product	  design	  perspective.	  
	  	  
2.4.5.1	  Electronics	  (technical)	  perspective	  
	  
Olsen	   defines	   the	   different	   areas	   of	   electronics	   as	   being:	   passive	   components	  
(resistors,	  capacitors,	  and	  inductors),	  semiconductor	  devices	  (conductors,	  insulators,	  
and	   semiconductors),	   power	   supplies	   (batteries,	   solar	   cells,	   transformers	   –	   power	  
from	  the	  mains),	  amplifiers,	  and	  oscillators	  (sine	  wave	  generators,	  oscillators	  for	  high	  
frequencies)	   (Olsen,	   G.,	   1973,	   pp.	   7-­‐8,	   163).	   Harper	   explains	   how	   there	   are	   both	  
active	  and	  passive	  components,	  and	  that	  the	  basic	  component	  forms	  are:	  capacitors,	  
inductors,	  resistors,	  and	  active	  semiconductor	  devices	  (Harper,	  C.,	  1974,	  p.	  1-­‐21).	  
	  
Gothmann	   identified	   the	   electronic	   parts	   of	   any	   electronic	   system	   consists	   of:	  
resistors,	   inductors,	   capacitors,	   and	   transistors;	   but	   also	   the	   other	   parts	   of	   an	  
electronic	  system	  as	  being:	  batteries,	  conductors,	  wiring	  methods	  (soldering,	  point-­‐
to-­‐point	   wiring,	   point-­‐circuit-­‐card	   fabrication,	   printed-­‐circuit-­‐card	   installation,	   and	  
integrated	  circuits),	   switches	   (slide,	   toggle,	  push-­‐button),	  protective	  devices	   (fuses,	  
and	   circuit	   breakers),	   indicating	   devices	   (incandescent	   lamp,	   neon	   lamp,	   light-­‐
emitting	   diode,	   LED	   numeric	   display,	   liquid	   crystal	   display,	   and	   plasma	   display),	  
fasteners	   (rivets,	   screws	   and	   nuts),	   and	   miscellaneous	   (grommet,	   terminal	   strip,	  
solder	  lugs,	  sockets,	  plugs,	  and	  jacks)	  (Gothmann,	  W.,	  1980,	  pp.	  115,	  125-­‐137).	  Horn	  
defines	   the	   basic	   electronic	   component	   categories	   as:	   “resistors,	   capacitors,	   coils,	  
semiconductor	  junctions	  (diodes),	  crystals,	  switches,	  digital	  gates	  (actually	  these	  are	  
made	   up	   of	   simpler	   components	   from	   the	   above	   list)”	   and	   explain	   that	   basic	  
electronics	   circuit	   types	   include:	   “amplifiers,	   power	   supplies,	   switching	   circuits,	  
oscillators,	   filters,	   timers,	  digital	  gates	   (these	  can	  be	  considered	  simple	  sub-­‐circuits,	  
or	  components,	  depending	  on	  the	  context)”	  (Horn,	  D.,	  1989,	  p.	  1-­‐2).	  
	  
Grob	   identifies	   six	  different	  electronic	   components:	  1)	   semiconductors,	  2)	  electron	  
tubes,	   3)	   visual	   display	   devices,	   4)	   resistors,	   5)	   capacitors	   or	   condensers,	   and	   6)	  
inductors	  or	  coils.	  Grob	  further	  categorises	  these	  components,	  with	  components	  1,2,	  
and	  3	  being	  active	  components,	  and	  4,	  5,	  and	  6	  being	  passive	  components	  (Grob,	  B.,	  
1993,	  p.7).	  Stanley	  defines	  circuit	  elements	  as:	  active,	  and	  passive.	  ‘Active	  elements’	  
are	   those	   that	  are	   capable	  of	  delivering	  power	   to	  an	  external	   load,	  with	   two	   ideal	  
active	  elements	  being	  a)	   the	   ideal	   voltage	   source,	   and	  b)	   the	   ideal	   current	   source.	  
‘Passive	  elements’	  are	  those	  that	  are	  not	  capable	  of	  generating	  power	  but	  some	  may	  
store	   energy,	   and	   describes	   there	   being	   three	   passive	   elements:	   a)	   resistance,	   b)	  
capacitance,	   and	   c)	   inductance	   (Stanley,	   W.,	   1995,	   p.	   5).	   Meeldijk	   identifies	  
electronic	  components	  as:	  1)	  resistors,	  2)	  capacitors,	  3)	  chokes,	  coils,	  inductors,	  and	  
transformers,	  4)	  delay	  lines,	  5)	  connectors	  and	  interconnection	  devices,	  6)	  switches,	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7)	   relays	   and	   contactors,	   8)	   wire	   and	   cable,	   9)	   discrete	   semiconductors,	   and	   10)	  
thermistors	   (Meedijk,	   V.,	   1996,	   pp.	   vii-­‐xi).	   Harper	   defines	   passive	   electronic	  
components	  as:	  resistors,	  capacitors,	  transformers	  and	  inductive	  devices	  (inductors,	  
high	   voltages,	   shielding),	   relays	   and	   switches,	   batteries,	   overcurrent	   protective	  
components	   (fuse,	   circuit	   breaker),	   filters,	   connector	   and	   interconnect	   technology	  
(Harper,	   C.,	   1997,	   pp.	   vii-­‐viii).	   Duncan	   identifies	   the	   electronic	   components	   as:	  
resistors,	   capacitors,	   inductors,	   transducers	   and	   switches,	   semiconductor	   diodes,	  
and	   transistors	   (Duncan,	  T.,	  1997,	  pp.	   iv-­‐v).	  Bralla	  describes	   the	  areas	  of	  electronic	  
components	  being:	  electronic	  devices,	  capacitors,	  resistors,	  semiconductors,	  and	  the	  
wiring	  path	  between	  them	  (Bralla,	  J.,	  1999,	  p.	  9.11).	  
	  
Sinclair	   categorises	   electronic	   components	   into	   three	   categories:	   passive	  
components,	   active	   discrete	   components,	   and	   energy	   conversion	   components.	  
Stating	   that	   passive	   components	   include:	   resistors,	   thermistors,	   capacitors,	  
inductors;	   active	   discrete	   components	   include:	   diodes,	   transistors;	   and	   energy	  
conversion	  components	  include:	  strain	  and	  pressure,	  direction	  and	  motion,	  ‘light,	  UV	  
and	   IR	   radiation’,	   temperature,	   sound	   (Sinclair,	   I.,	   2000,	   pp.	   v-­‐vi).	   Paynter	   and	  
Boydell	  define	  electronic	  components	  as	  being:	  conductors	  and	  insulators,	  resistors,	  
batteries,	   DC	   power	   supplies,	   switches,	   and	   circuit	   protectors.	   They	   also	   list	   other	  
electronic	   components	   under	   ‘circuits’,	   including:	   inductors,	   capacitors,	   frequency	  
response	  and	  passive	   filters;	   and	  also	   some	  under	   ‘electronic	  devices	  and	  circuits’,	  
which	   include:	   diodes,	   bipolar	   junction	   transistors	   (BJT),	   BJT	   amplifiers,	   field-­‐effect	  
transistors,	   active	   filters	   and	   oscillators,	   voltage	   regulators,	   thyristors,	   transistors,	  
photodetectors,	   optoisolators	   and	   optointerrupters,	   and	   transient	   suppressors	  
(Paynter,	  R.	  and	  Boydell,	  B.,	  2005,	  xi-­‐xvi).	  
	  
Dorf	   and	  Svoboda	  discuss	   that	   there	  are	   two	  categories	  of	   circuit	  elements:	   active	  
(capable	  of	  delivering	  energy)	  and	  passive	   (absorbs	  energy).	  They	  define	  electronic	  
circuit	   elements	   as:	   active	   and	   passive	   circuit	   elements,	   resistors,	   independent	  
sources,	   voltmeters	   and	   ammeters,	   dependent	   sources,	   transducers,	   and	   switches	  
(Dorf,	  R.	  and	  Svoboda,	  J.,	  1996,	  pp.	  33,	  41;	  Dorf,	  R.	  and	  Svoboda,	  J.,	  2014,	  p.20).	  
	  
Throughout	   the	   years,	   the	   electronic	   components	   themselves	   have	  mostly	   stayed	  
the	  same,	  in	  the	  names	  assigned	  to	  the	  components,	  but	  the	  performance	  of	  these	  
have	  improved,	  and	  the	  size	  of	  the	  components	  has	  reduced	  over	  the	  years	  due	  to	  
technological	  advances.	  However,	  the	  language	  used	  when	  talking	  about	  electronics	  
and	   electric	   circuits	   has	   varied:	   in	   the	   1970s	   electronics	  was	   grouped	   into	   general	  
areas	  (passive	  components,	  semiconductor	  devices,	  power	  supplies,	  amplifiers,	  and	  
oscillators);	   in	   the	   1980s	   electronics	   was	   communicated	   with	   regards	   to	   entire	  
electronic	  systems	  and	  the	  functions	  within	  a	  circuit,	  such	  as	  switches	  and	  displays;	  
in	  the	  1990s	  electronics	  was	  grouped	  into	  two	  main	  categories	  ‘active	  elements’	  that	  
were	   capable	  of	   delivering	  power	   to	   an	   external	   load,	   and	   ‘passive	   elements’	   that	  
were	   not	   capable	   of	   generating	   power,	   but	   some	   may	   store	   energy;	   in	   the	   early	  
2000s	   electronics	   were	   grouped	   into	   three	   categories	   of	   components	   ‘passive’,	  
‘active	  discrete’,	  and	  ‘energy	  conversion’,	  and	  more	  recently	  in	  2014	  electronics	  was	  
discussed	   and	   grouped	   into	   two	   categories	   of	   circuit	   elements	   ‘active’	   (capable	   of	  
delivering	  energy)	  and	  ‘passive’	  (absorbs	  energy).	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2.4.5.2	  Product	  design	  perspective	  
	  
Haskell	   defines	   the	   discrete	   electronic	   components	   found	   in	   devices	   as	   being	  
capacitors,	  resistors,	  diodes,	  inductors,	  transistors,	  oscillators,	  and	  switches.	  Haskell	  
also	   discusses	   other	   areas	   of	   electronics	   such	   as	   digital	   and	   analogue	   processing	  
(microprocessors,	   logic	   devices,	   microcontrollers,	   digital	   signal	   processors	   (DSP),	  
analog	   devices	   (known	   as	   ‘linear	   integrated	   circuits	   –	   amplifiers,	   regulators,	  
converters	   interfaces,	  and	  comparators),	  sensors,	  wireless	  communications,	  system	  
memory,	  and	  mass	  storage),	  hardware	   (buttons,	  switches,	  dials	  and	  touch	  screens;	  
speakers	  and	  microphones;	  antennas;	  and	  external	  connectors),	  displays,	  and	  power	  
sources.	   Haskell	   defines	   the	   principal	   factors	   that	   shapes	   the	   design	   of	   a	   portable	  
electronic	  device	  are	  functionality,	  performance,	  user	  interface,	  form-­‐factor,	  battery	  
life,	  cost,	  time-­‐to-­‐market,	  and	  reliability.	  Haskell	  expressed	  that	  ‘functionality’	  is	  the	  
most	   important	   factor	   in	  the	  design	  of	  a	  portable	  electronic	  product,	  as	   it	  must	  be	  
clearly	  focused,	  defined,	  and	  not	  confused	  with	  other	  design	  factors.	  Haskell	  explains	  
the	   importance	   of	   a	   product	   designer’s	   knowledge	   on	   various	   manufacturing	  
processes	  and	  their	  capabilities,	  and	  that	  due	  to	  this	  an	  entire	  discipline	  ‘design	  for	  
manufacture	  (DFM)	  was	  developed	  to	  ensure	  products	  are	  manufactured	  to	  be	  cost	  
effective.	  Most	  design	  tools	  used	  by	  a	  designer	  enables	  them	  to	  “constrain	  a	  design	  
to	  comply	  with	  the	  manufacturing	  process	  limitations	  of	  a	  specific	  manufacturer”	  (p.	  
4),	  these	  constraints	  are	  also	  known	  as	  ‘design	  rules’.	  By	  following	  these	  design	  rules	  
during	   the	   physical	   design	   phase,	   it	   limits	   the	   number	   of	   changes	   needed	   to	   the	  
design,	  once	  the	  designed	  product	  enters	   the	  manufacturing	  phase.	  Haskell	   (in	   the	  
context	   of	   designing	   portable	   electronic	   products	   or	   devices)	   describes	   ‘system	  
design’	  (Figure	  24)	  as	  being	  a	  subset	  of	  the	  product	  development	  process,	  but	  that	  it	  
also	   “represents	   most	   of	   the	   functions	   performed	   by	   the	   product	   designer”	   from	  
‘product	  concept’	  through	  to	   ‘physical	  design’	  which	  then	  results	   in	  the	  creation	  of	  
‘manufacturing	   and	   procurement	   documentation’	   (Haskell,	   B.,	   2004,	   pp.	   v-­‐vi,	   4,	   6,	  
30,	  71,	  98).	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Figure	  24	  -­‐	  System	  Design	  Process	  
(Haskell,	  B.,	  2004,	  p.	  30)	  
	  
	  
Rodgers	  and	  Milton	  explain	  that	  “The	  creation	  of	  any	  new	  product	  is	  a	  collaborative	  
venture	   involving	  many	   individuals	  working	   together	   as	   a	   team”,	   these	   are	   across	  
many	   different	   disciplines	   and	   the	   key	   individuals	   involved	   include:	   product	  
designers,	  engineers,	  anthropologists,	  marketing	  personnel,	  sales	  staff,	  ergonomists,	  
manufactures	   clients	   and	   customers.	   They	   explain	   that	   of	   the	   four	   key	   functions	  
involved	   in	   new	   product	   design	   and	   development:	   1)	   design,	   2)	   research,	   3)	  
marketing,	  and	  4)	  manufacturing;	   in	  ‘design’	  where	  the	  “design	  team	  is	  responsible	  
for	   the	   overall	   physical	   form	   of	   the	   product	   that	   will	   best	   meet	   the	   customers’	  
needs”,	   the	   term	   ‘design’	   can	   mean	   ‘product	   design’	   (I.e.	   aesthetics,	   ergonomics,	  
user	   interface,	   etc.)	   and	   ‘engineering	   design’	   (i.e.	  mechanical,	   electrical,	   software,	  
etc.).	   So	   the	   area	   of	   electronics	   is	   actually	   related	   to	   the	   engineer’s	   role,	   not	   the	  
product	   designer’s	   role,	   and	   therefore	  when	   designing	   a	   product	  with	   electronics,	  
close	   communication	   between	   the	   two	   would	   result	   in	   the	   best	   design	   solution	  
(Rodgers,	  P.	   and	  Milton,	  A.,	  2011,	  p.14).	  As	  Aspelund	  explains,	   the	  communication	  
skills	  of	  a	  designer	  are	  vital	  throughout	  the	  process,	  as	  they	  must:	  “provide	  material	  
for	   inspiration,	   identify	   the	   design	   problem	   to	   the	   team,	   explore	   the	   concepts	   and	  
consider	   all	   possibilities,	   and	   determine	   technical	   solutions	   and	   specifications,	  
communicating	  as	  much	  as	  possible	  with	  everyone	  during	  the	  process”	  (Aspelund,	  K.,	  
2015,	  p.13).	  
	  
Grinyer	   defines	   ‘technology’	   as	   being	   in	   the	   form	   of	   both	   ‘electronics’	   and	   ‘new	  
materials’,	  and	  that:	  “Making	  technology	  have	  value	  in	  our	  everyday	  lives	  is	  the	  job	  
of	   today’s	   designers”.	   But	   also	   a	   ‘smart	   product’	   from	   the	   perspective	   of	   design,	  
rather	   than	   purely	   the	   technological	   capabilities,	   and	   therefore	   what	   a	   designer	  
needs	   to	   consider:	   “a	   smart	   product	   is	   not	   just	   about	   the	   technology,	   it	   is	   about	  
much	  more	  …	  The	  speed	  of	  technological	  development	   is	  now	  so	  great	  that	  we	  can	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do	   almost	   anything	   we	   imagine	   and	   lots	   we	   haven’t	   thought	   of	   yet.	   We	   can	   ask	  
ourselves	  what	  we	  wish	   to	   do	   rather	   than	  what	   technology	  might	   allow	   us	   to	   do.	  
Designers,	  and	  therefore	  society,	   lead	  and	  control	   technology”	   (Grinyer,	  2001,	  p.	  6,	  
8).	  
	  
From	  a	  product	  design	  or	  product	  designer’s	  perspective	  the	  communication	  about	  
electronics	  differs	  greatly	  when	  compared	  to	  a	  technical	  perspective.	  When	  it	  comes	  
to	   designing	   a	   product,	   the	   functionality	   of	   electronics	   is	   of	   greatest	   importance,	  
such	   as	   what	   the	   electronics	   can	   actually	   do,	   and	   the	   principal	   factors	   when	  
designing	   an	   electronic	   device,	   that	   shapes	   the	   design	   of	   it	   being:	   functionality,	  
performance,	   user	   interface,	   form-­‐factor,	   battery	   life,	   cost,	   time-­‐to-­‐market,	   and	  
reliability.	  Out	  of	  these	  ‘functionality’	  is	  the	  most	  important	  factor	  in	  the	  design	  of	  an	  
electronic	   product,	   as	   it	   must	   be	   clearly	   focused,	   defined,	   and	   not	   confused	   with	  
other	   design	   factors.	   Multidisciplinary	   collaborations	   are	   also	   key,	   as	  
communications	  with	   a	  wide	   variety	   of	   people	   involved	   in	   producing	   an	   electrical	  
product	   is	  needed	   in	  order	  to	  achieve	  the	  end	  goal	  of	  both	  the	  desired	  design	  and	  
functionality	  of	  the	  product.	  Designers	  are	  also	  the	  ones	  who	  are	  in	  control	  of	  what	  
technology	   (elements	   of	   electronics)	   gets	   translated	   into	   designed	   products,	   and	  
therefore	   what	   technology	   would	   reach	   consumers,	   so	   how	   much	   a	   designer	  
understands	   the	   functionality	   of	   each	   electronic	   element	   can	   influence	   which	  
elements	  they	  decide	  to	  include	  in	  their	  designs.	  
	  
	  
2.4.6	  Printed	  electronics	  elements	  /	  components	  /	  areas	  
	  
In	   this	   section	   the	  descriptions	  of	   the	  elements	  or	  components	  or	  areas	  of	  printed	  
electronics	   are	   explored	   from	   two	   different	   perspectives:	   printed	   electronics	  
(technical)	  perspective,	  and	  product	  design	  perspective.	  
	  
2.4.6.1	  Printed	  electronics	  (technical)	  perspective	  
	  
Cantatore	   defined	  printed	   electronics	   technology	   elements	   as	   ‘active	   components’	  
include	   diodes,	   transistors,	   memories,	   various	   types	   of	   sensors,	   batteries,	   photo-­‐
voltaic	   cells,	   and	   displays;	   and	   also	   ‘passive	   devices’	   being	   conductive	   traces,	  
resistors,	   antennas,	   inductors,	   and	   capacitors.	   Cantatore	   also	   discussed	   printed	  
electronics	   technology	   through	   different	   application	   areas:	   organic	   photovoltaic,	  
flexible	   displays	   (electrophoretic	   or	   electrochromic	   media,	   OLEDs,	   liquid	   crystals,	  
electrowetting),	  electroluminescent	  (EL)	  and	  OLED	  lighting,	  printed	  radio	  frequency	  
identification	   (RFID),	   printed	   memory,	   organic	   sensor	   devices,	   thin	   and	   flexible	  
batteries,	   smart	   objects	   (printed	   keypads,	   printed	   loudspeakers,	   smartcards	  
incorporating	   thin	   film	   batteries	   and	   flexible	   displays),	   smart	   textiles	   (integrating	  
functionalities	  into	  fabric	  to	  enable	  wearable	  electronics	  including:	  displays,	  thermal	  
management,	  sensors,	  and	  communication)	  (Cantatore,	  2013,	  pp.3-­‐9,	  19).	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Suganuma	   categorises	   printed	   electronics	   technology	   into	   the	   following	   groups:	   1)	  
lighting	  (OLED),	  2)	  organic/inorganic	  photovoltaics,	  3)	  displays	  (front	  planes	  such	  as,	  
for	  example	  OLED,	  e-­‐paper,	  and	  electrochromic	  and	  their	  active	  matrix	  back	  plane,	  
seven-­‐segment	   displays),	   4)	   Integrated	   smart	   systems	   (RFID,	   sports	  
fitness/healthcare	   devices,	   smart	   cards,	   sensors,	   and	   smart	   textiles),	   5)	   Electronics	  
and	  components	  (memories,	  antennas,	  batteries,	  touch	  panel	  interfaces,	  wiring	  and	  
interconnects,	  and	  other	  components)	  (Suganuma,	  K.,	  2014,	  p.8,	  18,	  21).	  
	  
In	   the	   PrintoCent	   designer’s	   handbook	   on	   printed	   electronics,	   they	   present	   the	  
printed	   electronic	   components	   in	   the	   following	   categories:	   conductors	   (screen	  
printed	   conductors,	   flexible	   metal	   conductors,	   transparent	   conductors),	   printed	  
passive	   components,	   printed	   transistor,	   memories	   (printed	   memristor,	   printed	  
WORM	   memory),	   displays	   and	   signing	   (printed	   organic	   light	   emitting	   diodes,	  
electrochromic	   system	   platform,	   vertical	   organic	   light	   emitting	   transistor),	   organic	  
photovoltaic,	   printed	   battery,	   printed	   supercapacitor,	   printed	   sensors	   (printed	  
temperature	   sensors,	   relative	   humidity	   sensors,	   capacitive	   touch	   and	   proximity	  
sensors,	   resistive	   touch	   screen,	   gas	   sensors),	   chemical	   and	   biosensors	  
(electrochemical	   biosensors,	   visual	   indicators),	   and	   microfluids.	   In	   the	   handbook,	  
‘hybrid	  integration	  guidelines’	  are	  also	  included	  covering	  the	  following	  topics:	  hybrid	  
integration	   concept,	   R2R	   assembly	   and	  bonding,	   in-­‐mould	   labelling,	   encapsulation,	  
and	  roll-­‐to-­‐roll	  ALD	  technology	  (Neficon	  and	  PrintoCent,	  2015,	  p.4).	  
	  
From	  the	  technical	  perspective	  of	  printed	  electronics	  technology,	   in	  2013	  and	  2014	  
the	  technology	  was	  grouped	  into	  electrical	  ‘elements’	  or	  ‘components’	  which	  include	  
categories	   such	   as	   active	   and	   passive	   components,	   but	   also	   wiring,	   interconnect,	  
memories,	  touch	  panel	  interfaces,	  and	  batteries.	  However,	  the	  technology	  was	  also	  
grouped	  by	  applications	  such	  as	  displays,	  lighting,	  smart	  systems,	  and	  photovoltaics.	  
In	  2015	  the	  printed	  electronic	  components	  were	  presented	  differently	   (seeming	   to	  
group	   both	   electronics	   components	   and	   applications	   into	   one	   long	   list	   of	  
components)	   with	   the	   intention	   of	   the	   information	   to	   be	   used	   as	   a	   handbook	   of	  
printed	   electronics	   for	   industrial	   designers,	   and	   was	   categorised	   as:	   conductors,	  
printed	   passive	   components,	   printed	   transistor,	   memories,	   displays	   and	   signing,	  
organic	   photovoltaic,	   printed	   battery,	   printed	   supercapacitor,	   printed	   sensors,	  
chemical	  and	  biosensors,	  and	  microfluids.	  	  
	  
	  
2.4.6.2	  Product	  design	  perspective	  
	  
Recently,	  Dent	  and	  Sherr	   (2014)	  discuss	  material	   innovation	   in	  product	  design	  and	  
they	  categorise	  printed	  electronics	  as	  being	  a	  type	  of	  ‘embedded	  technology’	  and	  in	  
relation	  to	  the	  ‘internet	  of	  things	  (IOT)’	  how	  all	  of	  the	  products	  must	  contain	  some	  
form	  of	  ‘intelligence’	  such	  as	  electronic	  receiver	  or	  transmitter	  in	  order	  to	  ‘listen	  to’	  
or	  ‘be	  heard’	  by	  ‘all	  other	  things	  around	  us’.	  Dent	  and	  Sherr	  discuss	  how	  “The	  more	  
intelligent	   the	  device,	   inevitably,	   the	  more	  complex	   the	  electronics	  need	   to	  drive	   it,	  
thus	  the	  need	  to	  keep	  reducing	  the	  size	  of	  our	  electronic	  components	  such	  that	  they	  
do	  not	  too	  obviously	  reduce	  the	  functionality	  of	  the	  device	  through	  affecting	  its	  form”	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further	  to	  this,	  Dent	  and	  Sherr	  describe	  how	  “Traditional	  electronics	  are	  struggling	  to	  
keep	  up	  with	  this	  increase	  in	  complexity:	  the	  “electronic	  architecture”	  can	  no	  longer	  
cope”.	   They	  describe	  printed	  electronics	   as	  being	   ‘printed	   circuitry’	   and	  define	   the	  
technology	  as	   the	  “printing	  of	  conductor	  or	  semiconductor	   lines	  onto	  paper,	  plastic	  
film	   and	  molded	   parts	   increases	   speed,	   enables	   thin	  multilayering	   of	   components,	  
and	   enables	   greater	   flexibility	   if	   a	   suitable	   substrate	   is	   used”.	   They	   categorise	   the	  
technology	  as:	  capacitive	  touch	  surfaces	  (printed	  in	  both	  small	  format	  –	  fine	  type	  on	  
a	  page,	  and	  large	  format	  –	  billboard	  signage	  –	  describing	  them	  as	  functions	  that	  are	  
easily	   scalable	   to	   go	   from	   finger-­‐	   to	   hand-­‐	   to	   house-­‐sized	   gestures),	   e-­‐textiles	   or	  
smart	  fabrics	  (capacitive	  touch,	  pressure	  sensing,	  power	  acquisition	  and	  generation,	  
lighting	  through	  washable	  electroluminescent	  films	  and	  seamless	  integration	  of	  LED	  
lighting	   and	   OLEDS,	   and	   sensing	   of	   environmental	   and	   personal	   indicators),	   and	  
electronic	  components	  or	  circuitry	  (wires,	  resistors,	  capacitors,	  and	  battery)	  (Dent,	  A.	  
and	  Sherr,	  L.,	  2014,	  pp.148-­‐150).	  
	  
An	   interesting	   and	   significant	   point	   that	   Dent	   and	   Sherr	   make	   is	   with	   regards	   to	  
printed	  electronics	  technology:	  “A	  final	  thrust	  in	  this	  reduction	  in	  weight,	  thickness,	  
and	   materiality	   has	   been	   a	   blurring	   of	   the	   line	   between	   what	   is	   an	   electronic	  
component	   and	   what	   is	   the	   actual	   product.	   If	   the	   wires,	   resistors,	   capacitors	   and	  
battery,	   rather	   than	   separate	   components,	   are	   in	   fact	   the	   structural	   and	   shell	  
materials	  themselves,	  this	  truly	   integrates	  the	  intelligence	  with	  the	  product.”	  (Dent,	  
A.	  and	  Sherr,	  L.,	  2014,	  p.150).	  In	  cases	  such	  as	  in	  certain	  medical	  applications,	  where	  
the	  focus	   is	  on	  the	  performance	  of	  the	  printed	  electronic	  components	  or	  elements	  
themselves,	   there	  may	   not	   be	   a	   need	   for	   a	   designer	   to	   be	   involved	   as	   previously	  
observed	   within	   this	   doctoral	   research	   with	   existing	   medical	   applications,	   and	   as	  
Dent	  and	  Sherr	   state	  here.	  So	   it	  may	  be	   that	   there	   is	  a	  niche	  of	  products	  where	   it	  
does	  not	  make	  sense	  for	  designers	  to	  be	  involved	  for	  example	  in	  glucose	  test	  strips,	  
or	  beauty	  face	  patches	  where	  the	  performance	  of	  the	  materials	  are	  enough	  for	  it	  to	  
be	   a	   successful	   product.	   However,	   when	   it	   comes	   to	   other	   products	   and	   design	  
areas,	  designers	  may	  play	  a	  crucial	  part	  in	  the	  success	  of	  a	  product	  that	  incorporates	  
printed	   electronics	   such	   as	   when	   combining	   a	   number	   of	   printed	   electronic	  
elements,	  enhancing	  user	  experience,	  and	  solving	  a	  design	  problem.	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2.5	  Impact	  
	  
In	   this	   chapter,	   a	   range	   of	   different	   approaches	   to	   ‘assess	   impact’	   methods	   are	  
studied,	  and	  an	  appropriate	  impact	  assessment	  method	  is	  chosen	  for	  this	  research.	  
	  
2.5.1	  Approaches	  to	  ‘assess	  impact’	  methods	  
	  
Torkzadeh	   and	   Doll	   describe	   the	   impact	   of	   information	   technology	   as	   “broad	   and	  
multifaceted	  providing	   significant	   research	  opportunities	  and	   challenges”,	  with	   this	  
they	  created	  a	  ‘system	  to	  value	  chain’	  (Figure	  25).	  This	  taxonomy	  reviews	  impact	  as	  a	  
“pivotal	   concept	   that	   embodies	   downstream	   effects”	   combining	   different	   areas	  
“from	   beliefs,	   to	   attitudes,	   to	   behaviour,	   to	   the	   social	   and	   economic	   impacts	   of	  
information	   technology”.	   Following	   this,	   a	   four	   factor	   model	   was	   created	   for	  
measuring	  the	  extent	  of	   information	  technology	   impact	  on	  work;	   these	  were	  “task	  
productivity,	  task	  innovation,	  customer	  satisfaction	  and	  management	  control”,	  these	  
are	  further	  defined	  below	  (Figure	  26).	  Torkzadeh	  and	  Doll	  further	  describe	  that	  these	  
four	   ‘impact	   dimensions’	   together	   “describe	   ‘how’	   an	   application	   impacts	   the	  
individual	   in	  an	  organizational	  context.	  These	   impact	  dimensions	  are	  defined	  at	  the	  
application	   level.	  An	  application	   is	  defined	  as	   the	  use	  of	   information	   technology	   to	  
accomplish	  work.	  When	  applications	  are	  used	  in	  these	  ways,	  workers	  are	  empowered	  
by	   information	   technology”.	   The	   assessment	   of	   impact	   was	   observed	   within	  
interviews	  with	  users,	  and	  a	  5-­‐point	  Likert-­‐type	  scale	  (1=	  not	  at	  all	  to	  5=	  a	  great	  deal)	  
was	   used	   by	   the	   observer	   to	   score	   and	   validate	   the	   items	   on	   a	   self-­‐administered	  
questionnaire	  when	  each	  category	  of	  impact	  was	  discussed	  (Torkzadeh,	  G.	  and	  Doll,	  
W.J.,	  1999).	  
	  
	  
	  
Figure	  25	  -­‐System	  to	  value	  chain	  
(Torkzadeh,	  G.	  and	  Doll,	  W.J.,	  1999,	  p.	  328)	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Figure	  26	  -­‐	  Definitions	  of	  information	  technology’s	  impacts	  on	  work	  
(Torkzadeh,	  G.	  and	  Doll,	  W.J.,	  1999,	  p.	  329)	  
	  
	  
In	  the	  work	  of	  Kim	  et	  al,	  it	  focussed	  on	  measuring	  the	  ‘impact	  of	  knowledge	  type	  and	  
strategic	   orientation	   on	   new	   product	   creativity	   and	   advantage	   in	   high-­‐technology	  
firms’	   where	   impact	   was	   measured	   by	   new	   product	   creativity	   in	   the	   ‘novel’	   and	  
‘meaningful’	   characteristics	   of	   the	   products.	   This	   provided	   advantages	   with	   both	  
customer	  satisfaction	  and	  product	  differentiation,	  this	   in	  turn	   lead	  to	  superior	  new	  
product	   performance.	   A	   conceptual	   framework	   (Figure	   27)	   was	   built	   within	   the	  
research	   to	   illustrate	   the	   variables	   that	   influence	   new	   product	   creativity	   when	  
generated	   in	   the	  product	  development	  and	   launch	  stages.	  A	  multiple-­‐item,	  7-­‐point	  
Likert-­‐type	  scale	  (1=	  strongly	  disagree	  to	  7=	  strongly	  agree)	  was	  used	  by	  the	  firms	  to	  
measure	  all	  constructs,	  except	   for	   three	  control	  variables	  “technology	  growth	  rate,	  
market	  growth	  rate,	  and	  firm	  size”	  (Kim,	  N.,	  et	  al.,	  2013).	  
	  
	  
Figure	  27	  -­‐	  Conceptual	  knowledge	  framework	  with	  New	  Product	  Creativity	  
(Kim,	  N.,	  et	  al.,	  2013.	  p.	  138).	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The	  work	   of	  Martin	   et	   al	   on	   ‘new	   technology	   trends	   in	   education:	   seven	   years	   of	  
forecasts	   and	   convergence’	   in	   this	   research,	   after	   the	   technologies	   that	   were	  
predicted	   to	   make	   an	   impact	   on	   education	   were	   defined.	   The	   impact	   of	   the	  
technologies	  on	  education	  were	  measured	  through	  “the	  number	  of	  articles	  published	  
every	  year	  around	  the	  predicted	  technologies”,	  these	  were	  then	  plotted	  onto	  a	  chart	  
(Figure	  28),	  illustrating	  the	  predictions	  of	  which	  would	  appear	  in	  the	  short	  term,	  mid-­‐
term	  and	  long	  term	  in	  education	  (Martin,	  S.,	  et	  al.,	  2011).	  
	  
	  
Figure	  28	  -­‐	  Technologies	  most	  likely	  to	  have	  an	  impact	  on	  education	  according	  to	  the	  
Horizon	  Reports	  from	  2004	  to	  2010	  
(Martin,	  S.,	  et	  al.,	  2011,	  p.1895)	  
	  
	  
Nelson	  and	  Mulley’s	  work	  on	   ‘the	   impact	  of	   the	  application	  of	  new	   technology	  on	  
public	   transport	   service	   provision	   and	   the	   passenger	   experience:	   A	   focus	   on	  
implementation	   in	  Australia’	  measured	   the	   impact	  of	   Intelligent	  Transport	  Systems	  
(ITS)	  by	  using	  a	  case	  study	  approach,	   to	  compare	   the	  European	  and	   the	  Australian	  
experience.	  Three	  core	  pillars	  of	  ‘safety’,	  ‘mobility’,	  and	  the	  ‘environment’	  provided	  
a	   “context	  within	  which	   success	   can	   be	  measured”,	   this	   along	  with	   eight	   ITS	   focus	  
areas	  provided	  a	  framework	  (Figure	  29)	  for	  evaluating	  the	  development	  of	  the	  focus	  
areas.	   The	   data	   evaluated	   was	   based	   on	   previous	   reports,	   such	   as	   those	   which	  
gathered	   opinions	   on	   a	   series	   of	   questions	   about	   “the	   main	   obstacles	   to	   the	  
deployment	   of	   ITS	   applications	   in	   public	   transport	   operations”,	   these	   concerns	  
focused	  “awareness,	  cost	  and	  reliability”,	   roadmaps	  and	  existing	  polices	  within	   the	  
field	  were	  also	  used	  in	  comparison	  (Nelson,	  J.D.	  and	  Mulley,	  C.,	  2013).	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Figure	  29	  -­‐	  Assessment	  framework,	  combining	  ITS	  focus	  areas	  and	  areas	  of	  impact	  
(Nelson,	  J.D.	  and	  Mulley,	  C.,	  2013,	  p.301)	  
	  
	  
The	  work	  of	  Lee	  et	  al	  on	  ‘the	  impact	  of	  cultural	  differences	  on	  technology	  adoption’	  
the	   impact	   was	   measured	   by	   using	   a	   large	   sample	   size	   in	   the	   research	   for	   an	  
unbiased,	   objective	   and	   accurate	   measurement;	   these	   were	   mobile	   phone	  
subscribers	   for	   the	   entire	   population	   of	   two	   representative	   countries	   of	   differing	  
cultural	   types:	   the	  U.S.	   (Type	   I	   culture:	   individualistic,	  weak	  uncertainty	  avoidance,	  
low	   long-­‐term	   orientation)	   and	   South	   Korea	   (Type	   II	   culture:	   collectivistic,	   strong	  
uncertainty	  avoidance,	  and	  high	   long-­‐term	  orientation).	  The	  model	   choice	  of	  using	  
these	  two	  extreme	  cultural	   ‘types’	  was	   informed	  from	  previous	   literature,	  and	  was	  
used	   to	   measure	   how	   they	   differ	   in	   their	   adoption	   of	   mobile	   phones.	   This	  
information	  was	  also	  compared	  against	  time,	  with	  the	  ability	  when	  observing	  to	  plot	  
on	  a	  chart	  (Figure	  30)	  the	  various	  “adoption	  factors	  throughout	  the	  adoption	  phases	  
(early,	   development,	   maturity)”.	   The	   findings	   from	   this	   research	   imply	   that	   “in	  
individualistic	   cultures,	   people	   tend	   to	   seek	   information	   on	   their	   own	   from	   directs	  
and	  formal	  sources,	  whereas	  in	  collectivistic	  cultures,	  people	  rely	  more	  on	  subjective	  
evaluation	   of	   an	   innovation,	   conveyed	   from	   other-­‐like-­‐minded	   individuals	   who	  
already	  have	  adopted	  the	  innovation”	  (Lee,	  S.,	  et	  al.,	  2013).	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Figure	  30	  -­‐	  Mobile	  phone	  adoption	  patterns	  of	  Type	  I	  and	  Type	  II	  cultures	  
(Lee,	  S.,	  et	  al.,	  2013,	  p.28)	  
	  
	  
In	  the	  work	  of	  Khudadad	  et	  al	  on	  ‘measuring	  the	  impact	  of	  low	  carbon	  technologies	  
and	   products	   on	   domestic	   fuel	   consumption’	   the	   impact	   of	   ‘Energy	   Efficient	   and	  
Housing	   Improvement	   (EE	   &	   HI)’	   products	   from	   the	   Building	   and	   Construction	  
Improvement	  Program	  (BACIP)	  in	  40	  households	  of	  18	  villages	  from	  Gilgit	  Baltistan	  in	  
Pakistan	   were	   measured,	   observing	   how	   these	   products	   improved	   their	   living	  
conditions.	   A	   Kitchen	   Performance	   Test	   (KPT)	   was	   used	   to	   collect	   “baseline	   data,	  
firewood	  monitoring	   through	   developing	   inventories	   and	   recording	   the	   daily	   wood	  
consumption	   and	   consumer	   satisfaction	   survey	   to	   collect	   the	   feedback	   on	   the	  
efficiency	   of	   the	   installed	   products	   from	   the	   households”.	   The	   impact	   of	   these	  
products	   resulted	   in	   a	   “substantial	   reduction	   in	   Firewood	   consumption”	   in	   each	  
household.	  This	   is	  represented	  on	  a	  chart	   (Figure	  31)	  which	  presents	  the	  “pre-­‐	  and	  
post-­‐intervention	  wood	  consumption	  daily	  bases”,	   in	  which	  the	  trends	  show	  a	  clear	  
visible	  impact	  with	  comparative	  analysis	  (Khudadad,	  N.,	  et	  al.,	  2013).	  
	  
	  
Figure	  31	  -­‐	  Comparative	  analysis	  of	  daily	  fuel	  wood	  consumption	  
(Khudadad,	  N.,	  et	  al.,	  2013,	  p.118)	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Attempting	  to	  describe	  the	  impact	  of	  a	  technology	  can	  be	  a	  very	  challenging	  “broad	  
and	   multifaceted”	   task	   (Torkzadeh,	   G.	   and	   Doll,	   W.J.,	   1999).	   Often	   the	   impact	   of	  
technology	   can	  be	  measured	  by	  defining	   the	  areas	  of	   impact	   relevant	   to	   the	   topic	  
and	   then	   assessing	   those	   areas	   by	   using	   a	   Likert-­‐type	   scale	   to	   assign	   a	   number	   to	  
each	  (Torkzadeh,	  G.	  and	  Doll,	  W.J.,	  1999;	  Kim,	  N.,	  et	  al.,	  2013).	  Another	  approach	  is	  
to	  observe	  the	  frequency	  of	  publications	  about	  or	  reports	  on	  a	  technology	  over	  time,	  
to	  monitor	  its	  progress	  (Nelson,	  J.D.	  and	  Mulley,	  C.,	  2013),	  or	  to	  assess	  and	  predict	  
its	  potential	   impact	  it	  could	  have	  in	  the	  future	  (Martin,	  S.,	  et	  al.,	  2011).	   Impact	  can	  
be	   measured	   on	   a	   large	   sample	   size	   basis,	   studying	   entire	   populations	   with	  
contrasting	  cultures,	  and	  how	  this	  can	  affect	  their	  adoption	  of	  technologies	  (Lee,	  S.,	  
et	   al.,	   2013).	   A	   product’s	   performance	   can	   also	   create	   a	   measurable	   impact	   to	   a	  
consumer’s	   quality	   of	   life	   and	   consumption	   of	   fuels	   (Khudadad,	   N.,	   et	   al.,	   2013).	  
When	  measuring	   the	   impact	   of	   a	   technology,	   keeping	   the	  method	   of	   assessment	  
relevant	  to	  the	  technology’s	  context	  is	  very	  important	  to	  fairly	  assess	  the	  technology.	  
To	   follow	   is	   the	   impact	   assessment	   method	   chosen	   for	   printed	   electronics	  
technology	  for	  in	  this	  research.	  
	  
	  
2.5.2	  Chosen	  impact	  assessment	  method	  
	  
The	   Technology	   Readiness	   Levels	   (TRLs)	   system/scale	   has	   been	   chosen	   for	   the	  
method	  of	  assessing	  technology,	  as	  it	  is	  one	  that	  is	  widely	  recognised	  and	  supported	  
by	  both	  industry	  and	  academia.	  This	  TRL	  method	  offers	  an	  opportunity	  to	  assess	  the	  
current	  impact	  or	  likeliness	  of	  success	  of	  a	  technology.	  This	  TRL	  method	  of	  assessing	  
impact	  was	  chosen	  over	  the	  other	  methods	  as	  the	  focus	  is	  purely	  on	  the	  technology	  
itself	  with	   regards	   to	   its	   stage	  of	   development,	   and	   therefore	   is	   not	   influenced	  by	  
surrounding	  factors	  such	  as	  influences	  from	  individuals’	  beliefs,	  attitudes,	  behaviour,	  
social	   and	   economic	   impacts,	   or	   aspects	   around	   new	   product	   development	  
(creativity,	   advantages,	   customer	   satisfaction),	   technology	   trends,	   cultural	  
differences,	  environmental	  impact	  of	  the	  technology	  and	  products,	  or	  sustainability.	  
	  
A	  TRL	  scale	  would	  be	  appropriate	  for	  this	  specific	  technology	  as	  printed	  electronics	  
elements	  are	  developed	  stage	  by	  stage,	  often	  starting	  as	  a	  concept,	  then	  developed	  
in	   a	   lab,	   and	   finally	   moving	   on	   to	   full	   scale	   manufacture	   /	   production.	   There	   are	  
iterations	   in	   between	   these	   stages	   and	   the	   technology	   can	   encounter	   many	  
drawbacks	   along	   this	   development,	   such	   as	   alignment/registration	   issues,	   ink	  
formulation,	  or	  substrate	  issues,	  so	  to	  determine	  exactly	  what	  stage	  each	  element	  of	  
the	  technology	  has	  reached,	  a	  printed	  electronics	  TRL	  is	  needed	  so	  that	  the	  language	  
of	  each	  stage	  is	  directly	  relevant	  to	  the	  development	  of	  the	  technology.	  With	  regards	  
to	  updating/implementing/assigning	   the	  TRLs	   to	   the	   technology,	   this	  would	  be	   the	  
job	   of	   the	   individuals	   developing	   the	   technology,	   such	   as	   technologists	   and	  
individuals	   in	  business	  and	  academia.	  The	   individuals	   involved	  with	   the	   technology	  
would	   be	   the	   ones	   using	   and	   implementing/assigning	   the	   TRL	   numbers	   to	   the	  
printed	  electronics	  elements,	  assessing	  the	  technology	  elements	  against	  the	  scale	  to	  
assign	  the	  correct	  number	  to	  it	  to	  state	  which	  stage	  of	  development	  the	  technology	  
has	  reached,	  taking	  into	  consideration	  the	  exact	  wording	  used	  for	  each	  stage/level	  in	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the	   TRL	   scale.	   If	   there	   is	   further	   development	   in	   a	   particular	   printed	   electronics	  
element,	  the	  technology	  and	  its	  TRL	  number	  assigned	  would	  need	  to	  be	  reassessed	  
to	   evaluate	   and	   assign	   a	   new,	   more	   appropriate	   TRL	   number	   that	   correctly	  
corresponds	  to	  its	  new	  stage	  of	  development.	  This	  printed	  electronics	  technology	  is	  
in	  need	  of	  an	  assessment	  scale	  with	  greater	  detail	  or	  resolution,	  and	  by	  breaking	  the	  
development	   of	   this	   technology	   into	   a	   scale	   of	   differing	   levels,	   it	   would	   offer	   the	  
much	  needed	  resolution	  around	  this	  technology	  in	  order	  to	  avoid	  vague	  descriptions	  
and	  assumptions	  of	  what	  stage	  each	  piece	  of	  the	  technology	  is	  at.	  	  	  
	  
Identified	   by	   Engineering	   Research	   Centers	   (Engineering	   Research	   Centers,	   2014),	  
the	  Technology	  Readiness	  Level	   (TRL)	  system	   is	  used	   in	   industry	   to	  determine	  how	  
close	  a	  product	  or	  piece	  of	  technology	  is	  to	  being	  commercially	  produced,	  from	  just	  a	  
concept	  TRL	  1	  to	  ready	  for	  production	  and	  commercialisation	  TRL	  9.	  	  
	  
Mankins	   (Mankins,	  2009,	  pp.	  1216-­‐1223)	   identifies	   the	   first	   idea	  of	  articulating	   the	  
status	  of	  a	  new	  technology	  was	  stated	   in	  1969,	  with	  the	  plan	  for	   it	  to	  be	  used	   in	  a	  
future	  space	  system.	  Combining	  the	  already	  established	  practice	  of	   the	  time	   ‘flight	  
readiness	   review’	   and	   the	   new	   concept	   of	   ‘technology	   readiness	   review’,	   which	  
assessed	  the	  level	  of	  the	  new	  technologies	  maturity.	  
	  
The	  reasoning	  behind	  the	  creation	  and	  validation	  of	  existing	  TRLs	  varies	  greatly	  from	  
one	  TRL	  (and	  company	  or	  organisation	  associated	  with	  it)	  to	  another,	  and	  the	  exact	  
approach	   or	   method	   used	   to	   achieve	   or	   define	   the	   TRL	   is	   often	   unknown.	   Héder	  
(Héder,	  M.,	  2017)	  discussed	  that	  those	  adopting	  TRL	  scales	  for	  their	  own	  use	  (usually	  
companies	  or	  organisations)	  only	  have	  access	  to	  public	  documents,	  there	  may	  be	  a	  
more	  complex	  explanation	  and	  reasoning	  behind	  defining	  each	  of	  the	  TRLs	  and	  the	  
categorisation	  process	  of	  which	  stage	  a	  technology	  has	  reached,	  but	  this	  information	  
is	  likely	  to	  be	  in	  private	  documents.	  NASA	  used	  TRLs	  for	  risk	  management	  in	  order	  to	  
minimise	   risk	   in	   future	   missions	   and	   improve	   safety	   when	   developing	   space	  
technology.	   In	   NASA’s	   integrated	   technology	   plan	   (ITP)	   for	   civil	   space	   program,	  
illustrations	  of	  examples	  of	  the	  technology	  at	  different	  stages	  of	  development,	  and	  
the	   typical	   costs	   to	  achieve	  each	   stage,	  were	   linked	   to	  each	  TRL	   (Héder,	  M.,	  2017,	  
pp.3-­‐6).	  The	  ITP	  document	  provided	  a	  strategy	  planning	  framework	  for	  NASA,	  and	  it	  
contained	   a	   “chapter	   that	   explains	   how	   the	   responsibilities	   of	   different	  
organizational	  units	  are	  defined	  in	  the	  TRL	  scale	  and	  also	  their	  collaboration	  paths”,	  
Héder	  further	  discusses	  that	  this	  aspect	  of	  using	  the	  TRL	  scale	  “seems	  to	  be	  the	  most	  
forgotten	  among	  the	  other	  organizations	  that	  use	  the	  scale”	  (Héder,	  M.,	  2017,	  p.7).	  	  
The	  US	  Department	  of	  Defense	  (DoD)	  started	  using	  a	  TRL	  scale	   in	  order	  to	  prevent	  
them	   from	   acquiring	   a	   technology	   below	   TRL7	   from	   their	   suppliers	   as	   lower	   level	  
technologies	  were	  causing	  most	  of	   their	  extra	  costs	  and	  delays,	   this	   in	   turn	  meant	  
that	   the	   suppliers	   “also	   had	   to	   adopt	   the	   TRL	   scale	   and	  make	   a	   greater	   effort	   to	  
mature	   their	   technologies”	   (Héder,	  M.,	   2017,	   p.8).	   The	   European	   Commission	   (EC)	  
introduced	  the	  concept	  of	  the	  Key	  Enabling	  Technologies	  (KET)	  strategy	  that	  defined	  
the	   key	   technologies	   that	  different	   industries	  use	   and	   it	  was	   a	   strategy	   created	   to	  
ensure	  economic	  competitiveness	  and	  assist	   in	  the	  response	  to	  societal	  challenges.	  
However,	   TRLs	   were	   already	   widely	   used	   in	   the	   industries	   that	   develop	   the	  
technologies	   through	   their	   contact	   with	   governmental	   organisations.	   The	   EC	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established	   a	   group	   called	   the	   High-­‐Level	   Expert	   Group	   (HLG)	   on	   Key	   Enabling	  
Technologies	  to	  ensure	  that	  the	  KET	  strategy	  was	  implemented;	  they	  identified	  the	  
‘valley	   of	   death’	   problem	   and	   then	   explained	   it	   in	   terms	   of	   TRLs.	   This	   switch	   of	  
terminology	   allowed	   the	   group	   to	   translate	   this	   concept	   that	   “low	   TRLs	   do	   not	  
translate	   to	   TRL9	   technologies	   at	   an	   adequate	   rate…	   the	   problem	   is	   that	   basic	  
research	  does	  not	  translate	  to	  applications	  well	  enough”	  (Héder,	  M.,	  2017,	  p.10).	  The	  
HLG	   group’s	   strategic	   document,	   they	   proposed	   that	   a	   ‘three	   pillar	   bridge’	  
(‘technological	   research’,	   ‘product	   demonstration’	   and	   ‘advanced	   world-­‐class	  
manufacturing’	  was	  built	  into	  the	  valley	  of	  death.	  This	  strategy	  is	  focussed	  towards	  a	  
more	   industry-­‐driven	  research	  policy,	  and	   incorporated	  the	  TRL	  scale	   into	  the	  KETs	  
definitions.	  The	  EU	  Horizon	  2020	  programme	  “use	  TRLs	  to	  set	  boundaries	  for	  funded	  
projects	   on	   some	   topics”	   (Héder,	   M.,	   2017,	   pp.10-­‐11),	   some	   projects	   specifically	  
stated	  to	  be	  for	  TRL3-­‐5	  and	  others	  do	  not	  specify	  TRL	  ranges	  but	  do	  use	  TRLs	  in	  the	  
general	   description.	   Some	   projects	   use	   it	   as	   a	   starting	   place	   for	   projects	   (TRL4-­‐5)	  
with	   the	   aim	   being	   to	   target	   TRL6,	   others	   develop	   a	   technology	   in	   a	   ‘bottom	   up’	  
manner	   (technology	  push)	  even	   if	   there	   is	  not	  a	  demand	  for	  the	  technology.	  Some	  
projects	   use	   TRLs	   in	   three	   different	   TRL	   ranges	   (4-­‐6,	   5-­‐7,	   7-­‐9)	   and	   “address	   the	  
problem	  of	  assessment,	  at	  least	  for	  TRL7+	  technologies”,	  others	  are	  targeted	  towards	  
‘fast	  track	  to	  innovation’	  pilots	  and	  expect	  projects	  to	  start	  at	  TRL7	  (or	  above/higher)	  
technology	  and	  recommends	  projects	  aim	  for	  TRL9;	  however,	  some	  funded	  projects	  
“do	  not	  rely	  on	  TRLs	  at	  all”	  which	  demonstrates	  an	  “uneven	  adoption	  of	   the	  scale”	  
(Héder,	  M.,	  2017,	  pp.11-­‐12).	  A	  defined	  set	  of	  criteria	  is	  needed	  for	  each	  level	  of	  the	  
TRL	  scale	   in	  order	  to	  assess	  which	  TRL	  a	  technology	  has	  reached	  (Héder,	  M.,	  2017,	  
p.13-­‐14).	  
	  
Within	  this	  section,	  a	  range	  of	  TRL	  scales	  are	  studied.	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2.5.2.1	  NASA	  
	  
The	  National	   Aeronautics	   and	   Space	  Administration	   (NASA)	  was	   the	   first	   to	   invent	  
the	   TRL	   system,	  discussed	  by	  Banke,	   from	  NASA	   (Banke,	   2010),	   the	   first	   scale	  was	  
conceived	   in	   1974	   by	   one	   of	   NASA’s	   researchers,	   Stan	   Sadin,	   which	   consisted	   of	  
seven	  levels;	  these	  were	  formally	  defined	  in	  1989.	  NASA	  adopted	  a	  scale	  with	  nine	  
levels	   in	   the	  1990s,	  which	  then	  went	  on	  to	  gain	  widespread	  acceptance	  across	   the	  
industry	   and	   is	   still	   used	   today.	   Makins	   (Mankins,	   2009,	   pp.	   1216-­‐1223)	   further	  
defines	   this	   as	   being	   in	   1995,	   when	   the	   scale	   was	   strengthened	   with	   the	   first	  
definitions	   of	   each	   level,	   accompanied	   by	   examples.	   TRLs	  were	   then	   embraced	   by	  
U.S.	  Congress’	  General	  Accountability	  Office	  (GAO)	  and	  also	  adopted	  by	  the	  U.S.	  US	  
Department	  of	  Defense	  (DoD),	  along	  with	  many	  other	  organisations	  considering	  the	  
TRL	   system	   too.	   The	   TRL	   system	   is	   considered	   proven	   in	   being	   highly	   effective	   in	  
communicating	  the	  status	  of	  new	  technologies;	  NASA’s	  TRL	  system	  (Figure	  32)	  is	  still	  
currently	  used.	  
	  
Figure	  32	  -­‐	  NASA's	  TRL	  system	  
(NASA,	  2012)	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2.5.2.2	  CCEFP	  
	  
The	  Center	  for	  Compact	  and	  Efficient	  Fluid	  Power	  (CCEFP)	  TRL	  system	  (CCEFP,	  2014)	  
which	  has	  been	  adapted	   from	  NASA’s	   TRL	   system,	  differing	   in	   the	   language	   in	   the	  
scale	   in	   order	   to	   create	   broader	  meaning	   and	   applicable	   to	   their	   terminology	   and	  
technology.	  One	  example	  of	  this	  is	  in	  TRL	  3,	  in	  NASA’s	  system	  it	  was	  “Analytical	  and	  
experimental	  critical	   function	  and/or	  characteristic	  proof-­‐of-­‐concept”	   (NASA,	  2012),	  
and	   in	  CCEFP’s	  version,	   it	   is	   “Proof	  of	   concept	   research	   (bench	  scale)”	   (Engineering	  
Research	   Centers,	   2014).	   CCEFP	   are	   a	   national	   science	   foundation	   engineering	  
research	  center	  (Figure	  33),	  demonstrating	  how	  others	  have	  adapted	  the	  system	  to	  
fit	  their	  own	  field.	  
	  	  
	  
	  
Figure	  33	  -­‐	  CCEFP	  TRL	  system	  
(Engineering	  Research	  Centers,	  2014).	  
	  
	  
2.5.2.3	  Valley	  of	  death	  
	  
An	   issue	   often	   noticed	   typically	   between	   TRL	   4	   and	   TRL	   6	   is	   the	   ‘Valley	   of	   Death’	  
which	   is	   between	   pre-­‐competitive	   research	   and	   where	   industry	   is	   interested	   for	  
commercialisation.	   To	   bridge	   this	   ‘Valley	   of	   Death’,	   designers	   can	   offer	   the	  
technology	  an	  application;	  which	  often	  inspires	  industry	  to	  invest	  if	  it	  will	  boost	  their	  
profile	   or	   generate	   revenue	   for	   their	   company/business,	   so	   educating	   designers	  
about	   the	   technology	   could	   potentially	   be	   necessary	   for	   getting	   it	   from	   just	   a	  
prototype	  to	  a	  fully	  working	  product	  or	  application	  which	  is	  commercially	  available.	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As	  discussed	  by	  Markham	  et	  al.	  (Markham,	  et	  al.	  2010,	  pp.402-­‐417),	  Bruce	  Merrifield	  
first	  used	   the	  phrase	   ‘Valley	  of	  Death’	   in	  1995	  when	   referring	   to	   the	  challenges	  of	  
transferring	  agricultural	  technologies	  to	  Third-­‐World	  countries.	  
	  
A	  good	  visual	  example	  of	  this	   ‘Valley	  of	  Death’	   is	   further	  defined	  by	  the	  Centre	  for	  
Process	  Innovation	  (CPI),	  who	  help	  clients	  to	  assess	  the	  feasibility	  of	  their	  ideas	  and	  
provide	  advice	  on	  how	  to	  move	  forward,	  however	  they	  define	  this	  ‘Valley	  of	  Death’	  
as	  between	  TRL	  4	  and	  TRL	  7,	  referred	  to	  as	  ‘The	  Innovation	  Chain’	  bridging	  the	  gap	  
between	  academia	  and	  industry,	  represented	  as	  the	  below	  diagram	  (Figure	  34).	  They	  
also	  demonstrate	  their	  business	  model	  (Figure	  35)	  further	  defining	  exactly	  what	  they	  
offer	  for	  universities	  and	  businesses	  combining	  a	  “technology	  push	  with	  business	  pull	  
to	  drive	  forward	  those	  ideas”	  (CPI,	  2013a).	  
	  
	  
	  
Figure	  34	  -­‐	  The	  Innovation	  Chain:	  Converting	  Science	  into	  Wealth	  
(CPI,	  2013a).	  
	  
	  
	  
Figure	  35	  -­‐	  CPI's	  business	  model	  
(CPI,	  2013a).	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These	  models/diagrams	   and	   ideas	   are	   interesting	   as	   they	   highlight	   problem	   areas	  
that	   technologies	   and	   products	   may	   have,	   which	   in	   turn	   helps	   us	   to	   analyse	   the	  
products	  and	  therefore	  preventing	  obstacles	  that	  may	  get	  in	  the	  way	  of	  progressing	  
to	  TRL	  6	  or	  7.	  
	  
	  
	  
2.5.2.4	  TSB	  
	  
The	   Technology	   Strategy	   Board’s	   (TSB’s)	   (Jones,	   2012)	   TRL	   system	   (Figure	   36)	   is	   a	  
good	   comparison	   to	   the	   others	   as	   TSB	   are	   non-­‐biased.	   They	   also	   look	   at	   the	   TRL	  
system	   against	   funding	   sources,	   further	   highlighting	   the	   divide	   between	   university	  
research	  and	   companies/industry;	   but	   looks	   at	   it	   positively	   as	   ‘the	   innovation	  gap’	  
rather	  than	  the	  ‘valley	  of	  death’.	  	  
	  
	  
Figure	  36	  -­‐	  TSB's	  TRL	  system	  
(Jones,	  2012)	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2.6	   Theoretical	   approaches	   relevant	   to	   industrial	  
design	  
	  
In	   this	   chapter/section	   of	   this	   research	   study	   the	   topic	   of	   ‘theoretical	   approaches	  
relevant	   to	   industrial	   design’	   is	   addressed,	   covering	   appropriate	   educational	  
methods	   for	   teaching	   industrial	  designers	  about	  electrical	   concepts,	  how	  designers	  
think	  and	  learn,	  the	  design	  process,	  and	  the	  value	  of	  knowledge	  transfer	  for	  design	  
education	  etc.	  in	  order	  to	  establish	  appropriate	  existing	  educational	  approaches	  and	  
methods	  to	  provide	  a	  basis	  from	  which	  to	  build	  on	  later	  within	  this	  research.	  
	  
Establishing	  appropriate	  educational	  methods	  and	  language	  are	  fundamental	  in	  the	  
successful	   communication	   of	   technical	   concepts,	   new	   technology,	   and	   the	  
development	   stage	   of	   that	   technology	   as	   an	   appropriate	   language	   that	   is	   relevant	  
and	  relatable	  for	  designers	  needs	  to	  be	  established	  in	  order	  for	  sufficient	  knowledge	  
transfer	  of	  a	  topic	  to	  designers	  to	  be	  achieved.	  
	  
2.6.1	  Educational	  theory	  and	  design	  education	  
	  
There	  are	  many	   learning	  models	   that	  have	   influenced	  educational	   approaches	  and	  
that	  are	  cited	  when	  developing	  new	  approaches.	  One	  well	  known	  one	  is	  Kolb’s	  (Kolb,	  
D.,	  1984)	  experiential	  learning	  model	  (Figure	  37).	  
	  
	  
Figure	  37	  -­‐	  Structural	  Dimensions	  Underlying	  the	  Process	  of	  Experiential	  Learning	  
and	  the	  Resulting	  Basic	  Knowledge	  Forms	  
(Kolb,	  D.,	  1984,	  p.42)	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This	   identifies	   the	  process	  of	   experiential	   learning	  as	  being	  a	   four-­‐stage	   cycle	  with	  
four	  adaptive	   learning	  modes:	  concrete	  experience,	  reflective	  observation,	  abstract	  
conceptualization,	   and	   active	   experimentation.	   These	   modes	   create	   two	   distinct	  
dimensions:	   	   concrete	   experience/abstract	   conceptualization,	   and	   active	  
experimentation/reflective	   observation,	   which	   each	   represent	   “two	   dialectically	  
opposed	   adaptive	   orientations”.	   Kolb	   discusses	   “learning	   is	   a	   process	   whereby	  
knowledge	   is	   created	   through	   the	   transformation	  of	   experience.	   Knowledge	   results	  
from	   the	   combination	   of	   grasping	   experience	   and	   transforming	   it”	   (Kolb,	  D.,	   1984,	  
p.40-­‐41);	  in	  this	  model	  four	  elementary	  forms	  of	  knowledge	  are	  classified.	  	  
	  
Kolb	  goes	  on	  to	  map	  careers	  onto	  this	  model	  under	  the	  knowledge	  of	  classification	  
as	  below	   (Figure	  38).	   It	   is	  of	   interest	  when	  considering	   industrial	  design	  education	  
when	  considering	  the	  two	  knowledge	  sets	  (designers	  and	  technology).	  
	  
	  
	  
Figure	  38	  -­‐	  The	  Structure	  of	  Careers	  Shown	  in	  Relationship	  to	  the	  Structure	  of	  
Learning	  Knowledge	  and	  Fields	  of	  Inquiry	  
(Kolb,	  D.,	  1984,	  p.130)	  
	  
	  
In	   this	   model	   from	   1984,	   ‘designers’	   and	   ‘technology’	   are	   classified	   under	   two	  
differing	  types	  of	  knowledge/ways	  of	  learning;	  however,	  nowadays	  these	  have	  much	  
more	   of	   an	   overlap.	   New	   technology	   is	   integrating	   its	   way	   into	   many	   different	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fields/careers,	   from	   enhancing/improving	   our	   methods	   of	   communication,	   to	  
computer	   assisted	   calculations,	   design,	   simulations,	   and	   manufacture.	   Designers	  
now	   need	   to	   be	   much	   more	   aware	   and	   involved	   with	   existing	   technology	   and	  
particularly	  with	  new	  technology	  as	  it	  has	  the	  potential	  to	  enhance	  how	  we	  design,	  
and	  therefore	  the	  designs	  themselves.	  	  
	  
Kolb’s	   model	   focussed	   mainly	   on	   ‘knowledge’,	   however	   further	   investigation	   is	  
needed	  on	  the	  topic	  of	   ‘learning’.	  A	  well-­‐known	  and	  much	  cited	  model	  on	   learning	  
/cognitive	  skills	   is	   that	  of	  Bloom.	   In	  1956	  the	   ‘Taxonomy	  of	  Educational	  Objectives:	  
The	  Classification	  of	  Educational	  Goals’	  was	  published,	  the	  creation	  of	  a	  classification	  
of	  cognitive	  skills.	   It	  was	  referred	  to	  as	   ‘Bloom’s	  Taxonomy’,	  named	  after	  Benjamin	  
Bloom	   who	   edited	   the	   volume.	   It	   had	   a	   significant	   influence	   on	   all	   levels	   of	  
education,	  on	  the	  teaching	  and	  learning	  process,	  and	  still	  influences	  it	  to	  the	  present	  
day.	  There	  are	  six	  cognitive	  skills	  categories	  in	  Bloom’s	  Taxonomy	  (Figure	  39).	  These	  
cognitive	   skills	  were	   later	  differentiated	   into	  categories	  of	   lower-­‐order	   skills	   (those	  
that	   require	   less	   cognitive	  processing)	   and	  higher-­‐order	   skills	   (those	   that	   require	  a	  
greater	  degree	  of	   cognitive	  processing	  and	  deeper	   learning),	   although	   these	   terms	  
were	   not	   used	   by	   Bloom	   himself	   (Adams,	   N.,	   2015).	   Although	   it	   continues	   to	   be	  
revised,	   Bloom’s	   taxonomy	   continues	   to	   be	   a	   useful	   tool	   for	   evaluating	   and	  
understanding	  learning	  processes.	  
	  
	  
Figure	  39	  -­‐	  Bloom’s	  Original	  Taxonomy	  
(Adams,	  N.,	  2015,	  p.	  153)	  
	  
	  
Bloom’s	  taxonomy	  was	  revised	  in	  2001	  by	  Anderson	  and	  Krathwohl	  (Krathwohl,	  D.,	  
2002,	   p.212)	   and	   the	   levels	   changed	   to:	   “remember,	   understand,	   apply,	   analyse,	  
evaluate,	   and	   create”	   (Adams,	   N.,	   2015,	   p.	   153).	   This	   revision	   added	   a	   new	  
dimension	  across	  all	  of	  the	  six	  cognitive	  processes	  (Figure	  40).	   It	  also	  specified	  four	  
types	   of	   knowledge	   that	   may	   be	   addressed	   by	   a	   learning	   activity:	   “factual	  
(terminology	   and	   discrete	   facts);	   conceptual	   (categories,	   theories,	   principles,	   and	  
models);	   procedural	   (knowledge	   of	   a	   technique,	   process,	   or	   methodology);	   and	  
metacognitive	   (including	   self-­‐assessment	   ability	   and	   knowledge	   of	   various	   learning	  
skills	  and	  techniques)”	  (Adams,	  N.,	  2015,	  p.	  153).	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Figure	  40	  -­‐	  Comparing	  Bloom’s	  Taxonomy	  (1956)	  and	  Anderson	  and	  Krathwohl’s	  
Revised	  Taxonomy	  (2001)	  
(Fraher,	  R.	  and	  Martinson,	  B.,	  2011,	  p.393)	  
	  
	  
Adams	   describes	   how	   the	   revised	   taxonomy	   can	   be	   used	   by	   information	  
professionals	   who	   instruct	   or	   train	   others,	   to	   write	   learning	   objectives	   which	  
describe	   the	   abilities	   and	   skills	   that	   they	   desire	   their	   learners	   to	   demonstrate	   and	  
master.	   	  Adams	  emphasises	  the	  two	  important	  refinements	  of	  the	  taxonomy	  when	  
used	   by	   instructors	   to	   formulate	   learning	   objectives	   (in	   ‘behavioural’	   terms,	  when	  
thinking	  of	  what	  the	  learners	  will	  ‘do’	  as	  a	  result	  of	  the	  instruction).	  The	  first	  is	  to	  use	  
‘action	  verbs’	  in	  the	  instructions	  for	  learners.	  The	  second	  is	  to	  consider	  the	  learning	  
goals	   that	   require	   ‘higher	   levels	   of	   cognitive	   skills’	   that	   lead	   to	   a	   deeper	   level	   of	  
learning,	  transfer	  of	  knowledge,	  and	  skills	  to	  a	  greater	  variety	  of	  contexts	  and	  tasks;	  
these	   are	   important	   in	   order	   for	   learners	   to	   “achieve	   increasing	   levels	   of	   skill	   and	  
function”	  (Adams,	  N.,	  2015,	  p.	  153).	  Also,	  Krathwohl	  discusses	  Bloom’s	  taxonomy	  as	  
often	  being	  used	  to	  show	  an	  objective’s	  or	  item’s	  ‘breadth,	  or	  lack	  of	  breadth’	  across	  
the	  spectrum	  of	  categories.	  In	  the	  revised	  version	  of	  the	  taxonomy	  (in	  2001),	  it	  was	  
divided	   into	   two	  aspects	   to	   form	   separate	  dimensions:	   the	   ‘knowledge’	   dimension	  
using	   ‘nouns’	   to	   provide	   the	   basis;	   and	   the	   ‘cognitive	   process’	   dimension	   using	  
‘verbs’	   to	   form	   its	   basis	   (Krathwohl,	   D.,	   2002,	   p.213).	   Krathwohl	   created	   a	   two-­‐
dimensional	   table,	   termed	   the	   ‘taxonomy	   table’;	   whereby	   any	   objective	   could	   be	  
classified	   in	   one	  or	  more	  of	   the	   table’s	   ‘cells’	   these	  being	  where	   the	   columns	   and	  
rows	   intersect	   (Krathwohl,	   D.,	   2002,	   p.215).	   Krathwohl	   illustrated	   how	   four	  
objectives	  may	  be	  classified	  within	  the	  taxonomy	  table	  (Figure	  41):	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Figure	  41	  -­‐	  The	  classification	  in	  a	  Taxonomy	  Table	  of	  four	  objectives	  
(Krathwohl,	  D.,	  2002,	  p.215).	  
	  
	  
Krathwohl	  expands	  on	  this	  taxonomy	  by	  showing	  how	  each	  dimension	  breaks	  down	  
into	  elements:	  the	  structures	  for	  both	  the	  ‘knowledge’	  (Figure	  42),	  and	  the	  ‘cognitive	  
process’	  (Figure	  43)	  dimensions	  can	  be	  used	  to	  determine	  which	  objective	  belongs	  in	  
which	  cells	  (Krathwohl,	  D.,	  2002,	  p.217).	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Figure	  42	  -­‐	  Structure	  of	  the	  Knowledge	  Dimension	  of	  the	  Revised	  Taxonomy	  
(Krathwohl,	  D.,	  2002,	  p.214)	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Figure	  43	  -­‐	  Structure	  of	  the	  Cognitive	  Process	  Dimension	  of	  the	  Revised	  Taxonomy	  
(Krathwohl,	  D.,	  2002,	  p.215)	  
	  
	  
Krathwohl	   states	   that	   “objectives	   from	   Understand	   through	   Create	   are	   usually	  
considered	  the	  most	  important	  outcomes	  of	  education,	  their	  inclusion,	  or	  lack	  of	  it,	  is	  
readily	   apparent	   from	   the	   Taxonomy	   Table”;	   from	   this	   perspective,	   the	   taxonomy	  
table	   can	   be	   used	   as	   a	   method	   of	   analysis	   of	   the	   objectives,	   and	   to	   indicate	   the	  
“extent	   to	   which	   more	   complex	   kinds	   of	   knowledge	   and	   cognitive	   processes	   are	  
involved”	   (Krathwohl,	   D.,	   2002,	   p.216).	   The	   taxonomy	   table	   could	   also	   be	   used	   to	  
identify	  missed	  teaching	  opportunities	  by	  examining	  the	  blank	  areas	  of	  the	  table	  and	  
reflecting	  on	  them	  (Krathwohl,	  D.,	  2002,	  p.217).	  Between	  ‘understand’	  and	  ‘create’	  is	  
where	   the	   individual	   designer	   can	   then	   start	   to	   build	   on	   existing	   knowledge	   and	  
therefore	  can	  start	   to	  create	  something	  new	  and	  unique	  by	   introducing	  their	   fresh	  
perspective	  on	  a	  topic	  through	  exploration	  and	  idea	  generation.	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In	   the	  work	   of	   Fraher	   and	  Martinson	   (Fraher,	   R.	   and	  Martinson,	   B.,	   2011)	   created	  
work	   similar	   to	   that	   of	   Krathwohl,	   with	   their	   work	   on	   ‘process	   and	   pedagogy	   in	  
undergraduate	   graphic	   design	   education’,	   they	   also	   created	   a	   very	   similar	   table	   to	  
that	   of	   Krathwohl	   (Figure	   41).	   They	   were	   also	   inspired	   by	   both	   Bloom’s	   (1956)	  
taxonomy,	  and	  Anderson	  and	  Krathwohl’s	   (2001)	   revised	   taxonomy	   (Figure	  40)	   for	  
the	  basis	   for	   their	  pedagogical	   framework.	  Fraher	  and	  Martinson	  called	   their	   table	  
the	   ‘pedagogical	   matrix’	   (Figure	   44),	   which	   too	   combined	   the	   categories	   of	  
knowledge,	  and	  Anderson	  and	  Krathwohl’s	  (2001)	  thinking	  activities.	  
	  
	  
Figure	  44	  –	  Fraher	  and	  Martinson’s	  Pedagogical	  Matrix	  
(Fraher,	  R.	  and	  Martinson,	  B.,	  2011,	  p.393)	  
	  
	  
This	   pedagogical	   matrix	   was	   then	   used	   as	   an	   explicit	   communication	   tool	   and	  
explained	   to	   students	   before	   the	   undergraduate	   graphic	   design	   project	   began.	   By	  
using	  this	  matrix,	  Fraher	  and	  Martinson	  believe	  that	  the	  students	  “gain	  a	  more	  acute	  
understanding	  of	   the	  purposes	  of	   the	  activities	   that	  comprise	  the	  project.	  Thus,	   the	  
project	  emphasizes	  to	  the	  students	  the	  idea	  that	  design	  is	  a	  process”	  (Fraher,	  R.	  and	  
Martinson,	   B.,	   2011,	   p.393).	   The	   project	   was	   deliberately	   designed	   to	   be	  
instructional	   in	   order	   to	   involve	   an	   array	   of	   educational	   objectives	   and	   strategies,	  
which	   are	   meant	   to:	   provide	   challenge	   in	   areas	   of	   weakness	   and	   strength,	   and	  
accommodate	   students’	   diverse	   learning	   styles.	   Fraher	   and	  Martinson	  believe	   that	  
by	   the	   instructors	   using	   the	   pedagogical	   matrix,	   it	   enables/facilitates	   a	   more	  
effective	  dialogue	  with	  the	  students	  about	  these	  differences.	  They	  also	  believe	  that	  
this	   approach	   “promotes	   students’	   becoming	   reflective	   design	   practitioners”	   for	  
during	  design	  practice	   in	  the	  form	  of	  “an	  acute	  awareness	  of	  one’s	  design	  process”	  
and	   “continued	   professional	   development”	   (Fraher,	   R.	   and	   Martinson,	   B.,	   2011,	  
p.393-­‐394).	   This	   approach	   would	   also	   be	   very	   beneficial	   and	   translatable	   to	  
industrial/product	  designers	   and	   their	   educators	   as	   it	   challenges	  designers	   in	   their	  
strengths	   and	   weaknesses,	   and	   provides	   an	   opportunity	   for	   self-­‐reflection	   and	  
evaluation	  of	  the	  designer’s	  design	  process.	  
	  
The	   project	  was	   designed	   to	   occur	   over	   approximately	   a	   three-­‐month	   period.	   The	  
project	   structure	   consisted	   of	   nine	   different	   phases,	   in	   which	   each	   of	   the	   phases	  
could	   be	   analysed	   on	   their	   educational	   objectives	   and	   strategies	   by	   applying	   the	  
pedagogical	   matrix	   (Fraher,	   R.	   and	   Martinson,	   B.,	   2011,	   p.394).	   The	   table	   in	   the	  
appendix	   (Appendix	   2:	   Table	   of	   Project	   Structure	   (in	   phases)	   and	   application	   of	  
pedagogical	   matrix	   –	   from	   Fraher	   and	   Martinson’s	   work)	   combines	   the	   project	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breakdown	  with	  the	  pedagogical	  matrix	  in	  order	  to	  show	  clearly	  at	  which	  stages	  the	  
matrix	   was	   applied	   (Fraher,	   R.	   and	   Martinson,	   B.,	   2011).	   	   This	   clear	  
breakdown/grouping	   of	   the	   individual	   phases	   of	   the	   project	   and	   the	   educational	  
objectives	   and	   strategies	   that	   are	   linked	   with	   those	   phases	   provides	   a	   clear	   and	  
structured	  strategy	  for	  both	  educators	  and	  students.	  This	  would	  be	  of	  great	  benefit	  
to	   the	   industrial/product	  design	  educational	  environment	  as	   it	  helps	   the	  educators	  
to	  create	  a	  clear	  and	  structured	  teaching	  plan	  for	  throughout	  the	  academic	  year	  that	  
includes	  all	  of	  the	  educational	  strategies	  and	  objectives,	  and	  for	  the	  design	  students	  
it	  provides	  them	  with	  a	  clear	  categorisation	  of	  the	  objectives	  for	  each	  phase	  of	  the	  
project	  (which	  can	  often	  reflect	  or	  provide	  an	  indication	  of	  how	  the	  students	  work	  is	  
marked/requirements	   of	   each	   phase).	   Having	   a	   clear	   structure	   in	   place	   with	   the	  
objectives	  linked	  to	  each	  of	  the	  project	  phases	  can	  also	  help	  the	  students	  to	  reflect	  
on	  the	  project	  as	  a	  whole	  and	  can	  help	  them	  in	  their	  time	  management	  and	  where	  
they	  need	  to	  prioritise/focus	  their	  efforts.	  
	  
Using	  the	  information	  from	  the	  project,	  with	  regards	  to	  the	  process	  and	  pedagogy,	  
Fraher	   and	   Martinson	   identified	   four	   main	   themes	   that	   emerged:	   critique,	  
professional	   design	  practice,	   the	   value	  of	   theory,	   and	   attitudes	   toward	   technology	  
(Fraher,	  R.	  and	  Martinson,	  B.,	  2011,	  p.	  409).	  These	  are	  explained	  further	  below.	  
	  
Critique:	  
Fraher	   and	   Martinson	   identify	   that	   a	   process	   of	   rigorous	   critique	   is	   especially	  
important,	   particularly	   with	   the	   unconventional	   nature	   of	   the	   project,	   and	   that	  
“critique	   is	   integral	   to	   promoting	   any	   valid	   iterative	   process”	   (Fraher,	   R.	   and	  
Martinson,	  B.,	  2011,	  p.	  409).	  Based	  on	  the	  perceived	  relationship	  between	  students’	  
motivation	   toward	   participation	   and	   their	   confidence	  with	   the	   project,	   Fraher	   and	  
Martinson	   found	   that	  by	  employing	   the	   theoretical	   readings	   vocabulary	  within	   the	  
feedback,	   this	   would	   reinforce	   the	   “relationships	   of	   these	   concepts	   to	   a	   practical	  
context”	   (Fraher,	   R.	   and	   Martinson,	   B.,	   2011,	   p.	   409).	   As	   students	   consistently	  
demonstrate	  an	  eagerness	  for	  feedback	  from	  those	  coming	  from	  professional	  design	  
practice,	   it	   was	   believed	   by	   Fraher	   and	  Martinson	   that	   a	   team	   of	   representatives	  
from	  the	  industry	  partner	  (rather	  than	  one	  individual)	  could	  provide	  a	  more	  effective	  
approach.	  This	  approach	  would	  reduce	  the	  time	  burden	   for	  one	  person	  and	  would	  
also	  increase	  student	  contact	  (Fraher,	  R.	  and	  Martinson,	  B.,	  2011,	  p.	  409).	  
	  
Professional	  Design	  Practice:	  
Fraher	   and	   Martinson	   believe	   in	   the	   importance	   of	   the	   redesign	   of	   an	   existing	  
artefact,	  as	  the	  act	  of	  redesigning	  is	  of	  significant	  value	  to	  the	  undergraduate	  graphic	  
design	   students.	   The	   act	   of	   redesigning	   is	   usually	   guided	   by	   the	   needs	   of	   a	   pre-­‐
existing	  audience,	  and	  this	  focus	  can	  be	  seen	  as	  a	  unique	  advantage	  to	  projects,	  as	  it	  
puts	  emphasis	  on	  the	  concept	  of	   the	  user	   (persona	  design,	  paper	  prototyping)	  and	  
the	  idea	  that	  design	  is	  a	  process.	  Pre-­‐existing	  brand	  guidelines	  are	  usually	  a	  part	  of	  
the	  redesigning	  process	  within	  a	  project,	  and	  these	  constraints	  for	  the	  students,	  to	  
design	   within	   a	   brand,	   can	   be	   a	   valuable	   learning	   experience	   (Fraher,	   R.	   and	  
Martinson,	  B.,	  2011,	  p.	  409).	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The	  value	  of	  theory:	  
The	  theoretical	  content	  of	  a	  project	  is	  an	  important	  component	  for	  students.	  Many	  
of	  the	  students	  describe	  turning	  to	  the	  reading	  material	  to	  gain	  an	  understanding	  of,	  
firstly,	  why	  a	  particular	  activity	  is	  important,	  and	  secondly,	  how	  it	  is	  completed.	  The	  
project’s	  emphasis	  strengthens	  the	  students’	   research	  skills;	   it	  encourages	   them	  to	  
develop	   connections	   between	   practice	   and	   theory	   (Fraher,	   R.	   and	   Martinson,	   B.,	  
2011,	  p.	  409-­‐410).	  
	  
Attitudes	  toward	  technology:	  
Fraher	   and	   Martinson	   found	   that	   “students	   expressed	   a	   willingness	   to	   embrace	  
technology”	  (Fraher,	  R.	  and	  Martinson,	  B.,	  2011,	  p.	  410);	  however,	  they	  believe	  that	  
“the	  fidelity	  of	  student	  prototypes”	  is	  an	  area	  in	  which	  the	  role	  of	  technology	  needs	  
further	  consideration.	  This	  is	  due	  to	  the	  students	  relating	  “disappointment	  with	  the	  
fidelity	  of	  their	   interfaces”.	  Fraher	  and	  Martinson	  suggested	  an	  improvement	  when	  
implementing	  the	  project	  in	  the	  future:	  for	  technology	  to	  be	  “conducted	  as	  part	  of	  a	  
studio	   course	   focused	   on	   design	   for	   web-­‐based	   communication”	   (Fraher,	   R.	   and	  
Martinson,	  B.,	  2011,	  p.	  410).	  
	  
They	   go	   on	   to	   discuss	   how	   designers	   (graphic	   or	   communication)	   cannot	   just	  
consider	  the	  interaction	  of	  image	  and	  word,	  but	  now	  must	  consider	  the	  interaction	  
between	   the	   audience,	   the	   outcome	   of	   the	   design,	   and	   the	   content	   of	   the	  
communication.	  The	  designer	  needs	  to	  be	  concerned	  with	  these	  in	  order	  to	  “create	  
dialogues	   that	   effectively	   persuade	   the	   viewer	   to	   adopt	   a	   new	   belief	   or	   change	  
behaviour,	   the	   communication	   designer	   can	   no	   longer	   rely	   solely	   on	   intuition”.	  
Graphic	   design	   educators	   need	   to	   continually	   keep	   their	   course	   structure	   and	  
content	   up-­‐to-­‐date	   and	   refined	   in	   order	   to	   reflect	   industry	   expectations	   and	  
demands;	  this	  is	  a	  fairly	  universal	  statement,	  and	  is	  also	  true	  for	  other	  disciplines	  of	  
design,	  such	  as	  product	  and	  industrial.	  Fraher	  and	  Martinson	  believe	  in	  a	  ‘proactive’	  
approach	  to	  education,	  which	  results	  in	  designers	  who	  are	  innovative	  thinkers,	  who	  
have	  the	  potential	  to	  continually	  move	  the	  discipline	  forward,	  and	  are	  prepared	  for	  
the	   responsibilities	   of	   professional	   practice	   (Fraher,	   R.	   and	  Martinson,	   B.,	   2011,	   p.	  
410).	  	  
	  
Aspects	  of	  the	  four	  main	  themes	  of	  Fraher	  and	  Martison’s	  work	  are	  translatable	  to	  
the	  education	  of	  industrial/product	  design,	  as	  industrial/product	  design	  students	  are	  
also	   eager	   to	   engage	  with	   industry	   through	   placements	   and	   collaborative	   projects	  
(between	   academia	   and	   industry),	   however	   the	   likeliness	   of	   this	   engagement	  with	  
industry	  within	   the	   educational	   environment	   is	   highly	   dependant	   on	   a	   university’s	  
links	  with	  industry	  and	  a	  company’s	  willingness	  to	  engage	  with	  students/education.	  
The	   redesign	   of	   an	   existing	   artefact	   is	   often	   an	   exercise/project	   within	   an	  
industrial/product	   design	   course	   and	   is	   of	   great	   value	   as	   it	   allows	   the	   students	   to	  
focus	  their	  attention	  on	  the	  user,	  branding,	  and	  the	  design	  process	  rather	  than	  the	  
creation/invention	   of	   an	   entirely	   new	   type	   of	   product.	   The	   development	   of	   a	  
industrial/product	  designers	  research	  skills	  are	  essential	  in	  for	  creating	  new	  designs	  
as	   it	   is	   needed	   to	   enable	   the	   exploration	   of	   different	   methods	   of	   manufacture,	  
market	   research,	   materials	   etc.	   as	   well	   as	   discovering	   why	   a	   particular	   activity	   is	  
important	  and	  then	  how	  it	  is	  completed,	  to	  develop	  the	  connections	  between	  theory	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and	  practice	  as	   it	   can	  also	   save	   the	  designer	  a	   lot	  of	   time	  when	   it	   comes	   to	  areas	  
such	  as	  joinery	  techniques,	  existing	  products,	  and	  the	  technology	  available	  to	  them	  
etc.	  The	  adoption/implementation	  of	  a	  technology	  or	  new	  technology	  is	  also	  an	  area	  
that	   would	   be	   of	   interest	   to	   industrial/product	   designers,	   provided	   that	   they	  
understand	   what	   the	   technology	   can	   do	   so	   that	   they	   can	   then	   know	   how	   to	  
incorporate	  that	   technology	   into	  their	  designs	  to	  benefit	  or	  appeal	   to	  an	  end	  user.	  
Following	  this,	  exploration	  into	  the	  design	  process	  itself	  is	  needed	  to	  identify	  what	  is	  
expected	  of	  a	  designer.	  
	  
2.6.1.1	  The	  design	  process	  
	  
The	  design	  process	  (Lawson,	  B.,	  2006)	  has	  always	  involved	  drawing,	  however	  it	  has	  
changed	   greatly	   over	   the	   years,	   from	   its	   old	   vernacular/craft	   approach	   to	   the	  
modern	   approach	   for	   industrial	   design.	   Over	   the	   past	   decade	   Lawson	   has	   been	  
influential	  in	  the	  analysis	  of	  the	  design	  process.	  Lawson	  discusses	  how	  the	  processes	  
of	  a	  ‘designer’	  and	  of	  ‘vernacular/craft	  design’	  are	  very	  different,	  and	  have	  become	  
separated:	  “the	  separation	  of	  the	  designer	  from	  making	  also	  results	  in	  a	  central	  role	  
for	  the	  drawing.	  If	  the	  designer	  is	  no	  longer	  a	  craftsman	  actually	  making	  the	  object,	  
then	   he	   or	   she	  must	   instead	   communicate	   instructions	   to	   those	  who	  will	  make	   it”	  
(Lawson,	  B.,	  2006.	  p.26).	  This	  separation	  allows	  for	  the	  development	  of	  greater	  skills	  
in	   both	   areas:	   designers	   improve	   communication	   clarity	   through	   drawing	   and	   the	  
exploration	   and	   execution	   of	   a	   design	   solution,	   and	   vernacular/craftsman	   improve	  
their	  skills	  and	  methods	  of	  making	  an	  object	  with	  more	  emphasis	  on	  its	  overall	  finish.	  
By	  separating	  these	  processes	  it	  results	  in	  a	  better	  end	  product	  as	  each	  can	  focus	  on	  
their	   specific	   areas	   of	   creating	   a	   product.	   This	   also	   allows	   for	   both	   designers	   and	  
vernacular/craftsman	  to	  work	  independently	  as	  one	  is	  not	  tied	  to	  another,	  meaning	  
that	  a	  vernacular/craftsman’s	  skills	  can	  be	  utilised	  by	  many	  different	  companies	  and	  
designers,	   and	   a	   designer’s	   drawings	   can	   be	   sent	   to	   a	   variety	   of	  manufactures	   or	  
other	  vernacular/craftsman	  to	  be	  made.	  
	  
This	  drawing	  process:	  
“…enables	   designers	   to	   make	   much	   more	   fundamental	   changes	   and	  
innovations	   within	   one	   design	   that	   would	   have	   ever	   been	   possible	   in	   the	  
vernacular	  process,	  and	  solves	   the	  problems	  posed	  by	  the	   increasing	  rate	  of	  
change	   in	   technology	   and	   society.	   Such	   a	   design	   process	   then	   encourages	  
experimentation	  and	   liberates	   the	  designer’s	  creative	   imagination	   in	  a	  quite	  
revolutionary	   way,	   making	   the	   process	   almost	   unrecognisable	   to	   the	  
vernacular	  craftsman”	  (Lawson,	  B.,	  2006.	  pp.26-­‐27).	  
	  
This	  further	  shows	  how	  the	  whole	  approach	  to	  the	  drawing	  process	  has	  changed	  for	  
more	  innovative	  designs	  and	  to	  adapt	  to	  change	  within	  society	  and	  technology,	  with	  
the	  encouragement	  of	  experimentation	  and	  creative	  imagination,	  as	  opposed	  to	  the	  
vernacular	   craftsman	   process	   which	   focused	   just	   on	   how	   something	   is	   made	   and	  
how	   to	   achieve	   it.	   Lawson	   discusses	   this	   drawing	   process	   with	   regards	   to	   the	  
designer	   “The	   process	   of	   drawing	   and	   redrawing	   could	   continue	   until	   all	   the	  
problems	   the	   designer	   could	   see	   were	   resolved”	   (Lawson,	   B.,	   2006.	   p.26),	   this	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demonstrates	   how	   many	   more	   fundamental	   changes	   and	   innovations	   can	   occur	  
within	  a	  single	  design,	  and	  that	  the	  implication	  of	  this	  drawing	  process	  is	  necessary	  
for	   the	   completion	   of	   a	   design.	   Creativity	   in	   design	   and	   the	   creative	   process	   are	  
areas	  of	  significance	  when	  encouraging	  a	  designer’s	  creative	  imagination;	  these	  are	  
discussed	  in	  the	  following	  section.	  	  
	  
2.6.1.2	  Creativity	  in	  design	  and	  the	  creative	  process	  	  
	  
Lawson	   looked	  at	   the	  possibility	  of	  an	   individual	  having	  a	   ‘creative	  personality’,	  by	  
studying	  creative	  people	   from	  different	  backgrounds	  such	  as	  scientists,	  composers,	  
mathematicians,	  designers	  and	  poets.	  Also,	  quotes	  about	  creativity	  studies	  from	  the	  
work	  of	  Roe	  from	  1952	  that	  studied	  creative	  scientists	  and	  Mackinnon’s	  work	  from	  
1962	  that	  studied	  creative	  architects.	  From	  these,	  Lawson	  believes	  that	  “Intelligence	  
does	  seem	  to	  play	  some	  part	   in	  creative	  talent.	  Mackinnon	  recorded	  that	  while	   ‘no	  
feeble-­‐minded	  subjects	  have	  shown	  up	   in	  any	  of	  our	  creative	  groups’,	   this	  does	  not	  
mean	   that	   very	   intelligent	   people	   are	   naturally	   highly	   creative”	   (Lawson,	   B.,	   2006.	  
p.152).	  Mackinnon’s	  comment	  from	  1962	  is	  definitely	  an	  out	  dated	  way	  of	  thinking;	  
creativity	  is	  a	  learning	  and	  thinking	  style,	  and	  does	  not	  equate	  to	  intelligence.	  From	  
discussing	  that	  both	  scientists	  and	  artists	  need	  both	  convergent	  thought	  (those	  that	  
come	  together,	  particularly	  in	  ideas	  or	  characteristics)	  and	  divergent	  thought	  (those	  
that	  tend	  to	  be	  different	  or	  develop	  in	  different	  directions),	  Lawson	  identifies	  that	  “it	  
is	   probably	   the	   designer	   who	   needs	   the	   two	   skills	   in	   the	   most	   equal	   proportions.	  
Designers	  must	   solve	   externally	   imposed	  problems,	   satisfy	   the	  needs	  of	   others	   and	  
create	  beautiful	  objects”	  (Lawson,	  B.,	  2006.	  p.153).	  
	  
The	  idea	  of	  ‘good	  designers’	   is	  discussed	  by	  Lawson:	  “Good	  designers	  tend	  to	  be	  at	  
ease	  with	  the	  lack	  of	  resolution	  in	  their	  ideas	  for	  most	  of	  the	  design	  process”,	  this	  is	  
as	  it	  is	  often	  only	  towards	  the	  end	  of	  the	  process	  where	  things	  come	  together.	  Some	  
people	   may	   find	   themselves	   uncomfortable,	   if	   they	   prefer	   a	   more	   certain	   and	  
ordered	  world,	   if	   they	   found	   themselves	   in	   the	   three-­‐dimensional	   creative	   design	  
fields.	  Lawson	  describes	  designers	  further:	  “Characteristically	  designers	  seem	  to	  cope	  
with	  this	  lack	  of	  resolution	  in	  two	  main	  ways:	  by	  the	  generation	  of	  alternatives	  and	  
by	  using	  ‘parallel	   lines	  of	  thought’”,	  Lawson	  discusses	  the	  ‘parallel	   lines	  of	  thought’	  
way	   of	   working:	   “good	   designers	   characteristically	   have	   incomplete	   and	   possibly	  
conflicting	   ideas	   as	   a	   matter	   of	   course,	   and	   allow	   these	   ideas	   to	   coexist	   without	  
attempting	  to	  resolve	  them	  too	  early	  in	  the	  process”	  (Lawson,	  B.,	  2006.	  pp.154-­‐155).	  
The	  ability	   to	  be	  at	  ease	  with	  the	   lack	  of	  design	  resolution	  throughout	   the	  process	  
appears	   to	   be	   a	   unique	   characteristic	   of	   creative	   designers.	   Lawson	   also	   identifies	  
two	   main	   ways	   that	   designers	   may	   choose	   to	   work:	   “To	   work	   deliberately	   to	  
generate	   a	   series	   of	   alternative	   solutions	   early	   on,	   followed	   by	   a	   progressive	  
refinement,	  testing	  and	  selection	  process”	  and	  “To	  work	  on	  a	  single	  idea	  but	  accept	  
that	   it	   may	   undergo	   revolution	   as	   well	   as	   evolution”	   (Lawson,	   B.,	   2006.	   p.154).	  
Lawson	   discusses	   creative	   thinkers:	   “Creative	   thinkers	   in	   general	   and	   designers	   in	  
particular	   seem	   to	   have	   the	   ability	   to	   change	   the	   direction	   of	   their	   thinking	   thus	  
generating	   more	   ideas”	   (Lawson,	   B.,	   2006.	   p.154),	   this	   ability	   allows	   designers	   to	  
vastly	   explore	   a	   design	   solution,	   therefore	   creating	   more	   innovative	   designs.	   The	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nature	   of	   creativity	   has	   been	   discussed,	   and	   to	   follow,	   different	   phases	   of	   the	  
creative	   process	   are	   explored	   to	   see	   how	   creativity	   can	   be	   categorised	   or	  
rationalised	  into	  a	  linear	  process.	  
	  
Lawson	  presents	   five	  phases	   in	   the	  creative	  process	   (Figure	  45);	  which	  were	   taken	  
from	  the	  work	  of	  Kneller	  from	  1965.	  	  
	  
	  
Figure	  45	  –	  Five-­‐stage	  model	  of	  the	  creative	  process	  
(Lawson,	  B.,	  2006.	  p.149)	  
	  
	  
Lawson	   discusses	   the	   importance	   of	   the	   ‘incubation’	   phase	   of	   the	   process,	   that	  
“Moulton	   (Whitfield	  1975)	  advises:	   ‘I’m	   sure	   from	  a	   creative	  point	  of	   view	   that	   it’s	  
important	  to	  have	  one	  or	  two	  dissimilar	  lines	  of	  thought	  to	  follow.	  Not	  too	  many,	  but	  
just	   so	   that	   you	   can	   rest	   one	   groove	   in	   the	   mind	   and	   work	   in	   another.’	   Thus	   the	  
practicing	  designer	   and	   the	   design	   student	   alike	   need	   several	   things	   to	  work	   on	   in	  
order	  not	  to	  waste	  time	  while	  one	  ‘incubates’.”	  (Lawson,	  B.,	  2006.	  pp.149-­‐150).	  The	  
incubation	  phase	   is	   needed	   in	   order	   to	   reach	   the	   ‘illumination’	   phase.	   The	  human	  
mind	   is	   thought	   to	   continue	   during	   the	   incubation	   period,	   reorganising	   and	   re-­‐
examining	  all	  the	  data	  that	  had	  been	  previously	  absorbed	  during	  the	  intensive	  earlier	  
phases.	  However,	  there	  is	  no	  certainty	  as	  to	  how	  or	  why	  the	  human	  mind	  works	  in	  
this	  way	   (Lawson,	   B.,	   2006.	   p.150).	   The	   final	   phase	   of	   the	   process	   is	   ‘verification’,	  
where	  the	  idea	  is	  tested,	  elaborated	  and	  developed.	  Lawson	  also	  acknowledges	  that	  
design	   may	   not	   necessarily	   strictly	   follow	   this	   five-­‐stage	   model	   “in	   design,	   these	  
phases	   are	   not	   as	   separate	   as	   this	   analysis	   suggests.	   Frequently	   the	   verification	  
period	  will	  reveal	  the	  inadequacy	  of	  an	  idea,	  but	  the	  essence	  of	  it	  might	  still	  be	  valid.	  
Perhaps	   this	   will	   lead	   to	   a	   reformulation	   of	   the	   problem	   and	   a	   new	   period	   of	  
investigation,	   and	   so	   on”	   (Lawson,	   B.,	   2006.	   p.150),	   this	   five-­‐stage	   model	   can	  
therefore	   be	   used	   simply	   as	   a	   basis	   for	  which	   stages	   designs	   tend	   to	   emerge	   and	  
could	  be	  used	  multiple	  times	  within	  a	  project	  until	  a	  successful	  design	  solution	  has	  
been	  created.	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There	   are	  many	   techniques	   that	   can	   be	   used	   to	   improve	   creativity,	  most	   of	   these	  
“rely	  upon	  changing	  the	  direction	  of	  thinking,	  since	  it	  is	  generally	  recognised	  that	  we	  
find	  it	  easier	  to	  go	  on	  in	  the	  same	  direction	  rather	  than	  start	  a	  new	  line	  of	  thought.	  
The	  incubation	  period	  may	  also	  bring	  a	  line	  of	  thought	  to	  a	  stop,	  and	  when	  we	  return	  
to	   the	   problem	  we	   find	   ourselves	   freer	   to	   go	   off	   in	   a	   new	   direction	   than	  we	  were	  
before”	  (Lawson,	  B.,	  2006.	  p.150).	  This	  shows	  how	  time	  away	  from	  a	  line	  of	  thought	  
and	   to	   change	   the	   direction	   of	   thinking	   can	   be	   beneficial	   with	   creativity	   when	  
designing.	  
	  
In	   the	  work	   of	   Joyce	   et	   al	   on	   the	   creative	   process	   for	   designers	   (Joyce,	  M.,	   et	   al.,	  
1998),	   it	   was	   discovered	   that	   designers	   need	   to	   slip	   between	   different	   modes	   of	  
“communication,	  media,	  analogies	  and	  manufacture”.	  This	  need	  for	  great	  flexibility	  
in	  the	  approach	  benefits	  the	  creative	  process	  by	  providing	  it	  with	  “many	  tools	  whilst	  
the	  designer	  gains	  a	  better	  understanding	  of	   the	  project	   interest”.	   Joyce	  et	  al	  state	  
that	  designers	   resemble	   ‘divergent	   thinkers’	  as	   they	  “look	   for	  and	  use	  experience”.	  
The	  creative	  process	  for	  designers	  was	  illustrated	  graphically	  in	  the	  work	  of	  Joyce	  et	  
al	  (see	  Figure	  46),	  describing	  how	  the	  process	  begins	  without	  a	  specific	  discipline	  and	  
the	  focus	  is	  low	  and	  drawn	  from	  experience	  across	  a	  number	  of	  fields.	  	  
	  
	  
Figure	  46	  -­‐	  The	  creative	  process	  for	  designers	  
(Joyce,	  M.,	  et	  al.,	  1998,	  p.116)	  
	  
	  
The	  designer’s	  path	   is	  described	  as	  “a	  complete	   journey	   in	  which	  the	  solution	   is	  an	  
incremental	  part”	  (Joyce,	  M.,	  et	  al.,	  1998,	  p.116).	  This	  experience	  brings	  a	  number	  of	  
solutions	  for	  exploration;	  this	  leads	  the	  designer	  to	  a	  plateau	  of	  a	  number	  of	  viable	  
solutions	   and	   a	   high	   understanding	   of	   the	   focus.	   To	   follow,	   the	   topic	   of	   design	  
education	  will	  be	  addressed	  to	  explore	  how	  designers	  learn.	  
	  
2.6.1.3	  Design	  education	  
	  
Lawson	   (Lawson,	   B.,	   2006)	   discusses	   Laxton’s	  model	   from	   1969	   of	   design	   learning	  
(Figure	   47),	   which	   shows	   a	   three-­‐stage	   model	   of	   design	   education	   where	   “major	  
skills	  are	  identified	  and	  developed”.	  The	  first	  skill	  is	  to	  have	  the	  ‘ability	  to	  initiate	  or	  
express	   ideas’.	  The	  second	  skill	   is	  the	  ‘ability	  to	  evaluate	  and	  discriminate	  between	  
ideas’,	   and	   the	   final	   and	   third	   skill	   is	   ‘transformation	   or	   interpretive’	   skill	  which	   is	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needed	   to	   “translate	   ideas	   into	   the	   appropriate	   and	   relevant	   context”.	   Laxton	  
believed	   that	   people	   “cannot	   expect	   to	   be	   truly	   creative	   without	   a	   reservoir	   of	  
experience”.	  From	  this	  reservoir,	  the	  individual	  can	  draw	  ideas.	  Lawson	  also	  quotes	  
the	  work	  of	  Kneller	  from	  1965	  who	  likewise	  describes	  the	  importance	  of	  a	  reservoir	  
of	  experience	  and	  knowledge	  in	  the	  creative	  process:	  “In	  order	  to	  think	  originally,	  we	  
must	   familiarise	   ourselves	   with	   the	   ideas	   of	   others…These	   ideas	   can	   then	   form	   a	  
springboard	  from	  which	  the	  creator’s	  ideas	  can	  be	  launched”.	  Lawson	  concludes	  that	  
design	  education	  is	  a	  delicate	  balance	  between	  “directing	  the	  student	  to	  acquire	  this	  
knowledge	  and	  experience,	  and	  yet	  not	  mechanising	  his	  or	  her	  thought	  process	  to	  the	  
point	   of	   preventing	   the	   emergence	   of	   original	   ideas”	   (Lawson,	   B.,	   2006.	   p.157).	  
Laxton	   illustrates	   this	   idea	   through	   the	   development	   of	   a	   ‘hydro-­‐electric’	   model,	  
which	  used	  a	  metaphor	  of	  a	  hydroelectric	  plant	  to	  describe	  design	  learning.	  
	  
Figure	  47	  -­‐	  Laxton's	  ‘hydro-­‐electric’	  model	  of	  design	  learning	  
(Lawson,	  B.,	  2006.	  p.157)	  
	  
	  
Similar	  to	  Laxton’s	  work,	  Hodgman	  (2003)	  developed	  a	  model	  on	  learning	  but	  also	  on	  
teaching.	  The	  work	  of	  Hodgman	  was	  prompted	  by	  the	  recognition	  of:	  1)	  technology	  
being	   central	   to	   culture	   and	   how	   this	   in	   turn	   becomes	   influential	   in	   the	  
determination	   of	   technology	   curricula,	   2)	   the	   importance	   of	   the	   teaching/learning	  
process	   in	   technology	  education	   in	  addressing	  “the	  nature	  and	  power	  of	   consumer	  
choice	   and	   its	   role	   in	   the	   transformation	   of	   society”.	   Hodgman	   argued	   that	  
technology	   education	   is	   the	   ‘mediating	   link’	   between	   industry	   product	   design	   and	  
the	   “value-­‐laden,	   design	   decision-­‐making	   process	   needed	   by	   consumers	   to	  make	   a	  
product	  choice	  in	  the	  market	  place”	  (Hodgman,	  J.,	  2003,	  p.102-­‐103).	  Whilst	  the	  idea	  
of	   the	   consumer	   having	   their	   own	   design	   decision-­‐making	   process	   may	   not	  
necessarily	   be	   an	   accurate	  perception,	   the	   consumers	  do	  have	   their	   own	  personal	  
beliefs,	   ethics,	   and	   values	   that	   they	   may	   consider	   before	   buying	   a	   product.	   If	   a	  
designer	  is	  aware	  of	  the	  consumer’s	  personal	  values,	  this	  could	  therefore	  influence	  
aspects	   of	   the	   way	   a	   product	   is	   designed	   to	   be	   more	   accommodating	   for	   the	  
consumers	   needs.	   In	   Hodman’s	  work,	   the	   acronym	   ‘V-­‐,	   A-­‐,	   L-­‐,	   U-­‐,	   E-­‐,	   D’	  model	   on	  
learning	  and	   teaching	  was	  created	   that	  promotes	  continuing	  assessment,	   including	  
the	  acknowledgement	  of	  values	  for	  both	  the	  designer	  and	  the	  consumer	  of	  an	  end	  
product:	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Stage	  1	  –	  ‘V’	  -­‐	  Values	  Shared	  	  
Stage	  2	  –	  ‘A’	  -­‐	  Assessment/Evaluation	  Criteria	  Developed	  
Stage	  3	  –	  ‘L’	  –	  Linking	  Assessment/Evaluation	  Criteria	  
Stage	  4	  –	  ‘U’	  –	  Understanding	  Assessment/Evaluation	  Criteria	  
Stage	  5	  –	  ‘E’	  –	  Evaluation	  of	  Assessment/Evaluation	  Criteria	  
Stage	  6	  –	  ‘D’	  –	  Design	  Outcomes/Solutions	  
	  
This	  model	   and	   study	  was	   exploratory	   in	   nature	   to	   test	   this	  model	   on	   students;	   it	  
helped	   them	   in	   applying	   self-­‐assessment	   and	   peer-­‐assessment	   to	   deliver	   design	  
solutions,	   also	   teaching	   the	   students	   the	   importance	  of	   evaluation	   throughout	   the	  
design	  process	  (Hodgman,	  J.,	  2003).	  The	  educational	  outcomes	  of	  the	  model	  were	  to	  
promote	  independent	  learning	  and	  evaluation,	  to	  develop	  critical	  design	  evaluation	  
skills,	  and	  self-­‐assessment	  and	  recognition	  of	  personal	  values.	  
	  
Design	   and	   technology	   education	   can	   provide	   an	   important	   tool	   (design	   decision-­‐
making	   process	   tool)	   for	   all	   because	   of	   1)	   the	   increasingly	   important	   role	   of	  
technology,	   and	   informed	   consumer	   choice	   –	   possible	   transformation;	   and	   2)	   the	  
role	   of	   values	   in	   decision-­‐making	   and	   assessment	   criteria.	   Whilst	   this	   particular	  
model	   itself	   is	   not	   of	   use	  within	   this	   research,	   the	   formalisation	   of	   processes	   into	  
models	   is	   of	   interest	   as	   it	   can	   be	   a	   useful	   tool	   for	   designers	   to	   refer	   back	   to,	   to	  
remind	   themselves	   of	   the	   stages	   of	   self-­‐assessment	   of	   their	   designs	   during	   the	  
design	   process.	   The	   idea	   of	   a	   designer	   matching	   up	   their	   values	   during	   a	   design	  
project	  with	  that	  of	  the	  consumers’	  appears	  to	  be	  a	  deeper	  level	  of	  end	  user	  analysis	  
and	  one	  that	  could	  be	  of	  great	  importance	  and	  consideration	  when	  designing	  for	  an	  
end	  user	  or	  consumer.	  
	  
2.6.1.4	  Links	  between	  academia	  and	  the	  commercial	  world	  
	  
A	   major	   concern	   of	   many	   researchers	   is	   the	   fitness	   of	   design	   education	   for	   the	  
commercial	  world.	  This	  is	  particularly	  relevant	  to	  the	  pace	  of	  the	  emergence	  of	  new	  
technologies,	  particularly	  in	  the	  past	  two	  decades,	  such	  as	  ‘printed	  electronics’.	  
	  
In	   the	   work	   of	   Lewis	   and	   Bonollo	   (Lewis,	   W.,	   and	   Bonollo,	   E.,	   2002)	   a	   rare	  
opportunity	   to	   examine	   66	   different	   professionals	   (designers	   and	   company	  
executives)	   who	   participated	   as	   clients	   in	   the	   educational	   programme,	   on	   66	  
different	   student	   design	   projects	   was	   undergone.	   This	   work	   was	   experimental	   in	  
nature,	  to	  assess	  the	  quality	  of	  university	  education	  and	  to	  see	  if	  it	  meets	  the	  needs	  
of	  professional	  disciplines.	  The	  students’	  projects	  were	  assessed	  in	  three	  ways:	  by	  an	  
external	   assessor	   (a	   practitioner	   specially	   recruited	   for	   the	   task),	   an	   internal	  
assessor,	  and	  by	  the	  client	  (an	  organisation).	  	  
	  
In	   order	   to	   create	   an	   assessment	   framework,	   Lewis	   and	   Bonollo	   reported	   on	  
extensive	   literature	   on	  modelling	   the	   design	   process	   for	   products	   in	   industry	   and	  
found	  that	  models	  tend	  to	  consist	  of	  five	  or	  six	  stages	  in	  order	  to	  be	  user	  friendly	  and	  
easy	   to	   apply.	   The	   operational	   model	   of	   the	   design	   process	   (Figure	   48)	   that	   they	  
created	   and	   used	   in	   their	   project	   consisted	   of	   five	   steps:	   1)	   Task	   clarification,	   2)	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Concept	   generation,	   3)	   Evaluation	   and	   refinement,	   4)	  Detailed	  design	  of	   preferred	  
concept,	  and	  5)	  Communication	  of	  results.	  	  
	  
	  
Figure	  48	  -­‐	  Operational	  model	  of	  the	  design	  process	  
(Lewis,	  W.,	  and	  Bonollo,	  E.,	  2002,	  p.388)	  
	  
	  
This	   five-­‐step	   model	   was	   used	   by	   the	   design	   students	   to	   assist	   student	   learning	  
through	  a	  structured	  approach	  in	  their	  projects	  (presented	  to	  them	  in	  lectures,	  this	  
model	  was	  communicated	  to	  students;	  the	  students	  found	  it	  easy	  to	  apply	  and	  found	  
it	  to	  be	  of	  considerable	  assistance	  when	  managing	  their	  own	  projects),	  and	  also	  by	  
the	  external	  assessor	  and	  internal	  assessor	  for	  use	  in	  assessment	  criteria	  to	  provide	  a	  
tool	  for	  the	  management	  and	  planning	  of	  design	  projects	  and	  a	  structured	  process	  of	  
evaluation.	   The	   clients	  were	   not	   shown	   this	  model,	   instead	   the	   clients	   judged	   the	  
students’	   work	   through	   “open-­‐ended,	   unstructured	   letters	   of	   evaluation”	   as	   a	  
response	   to	   a	   “frank	   assessment	   of	   the	   quality	   of	   the	   student’s	   performance	   and	  
related	   design	   work”.	   The	   client’s	   comments	   were	   discussed	   positively	   with	   the	  
lecturer	   and	   student	   concerned	   and	   taken	   very	   seriously,	   but	   not	   used	   for	  
examination	  purposes.	  The	  clients	  were	  asked	  to	  further	  refer	  to	  specific	  criteria	  that	  
they	   believed	   to	   be	   important	   and	   relevant,	   leaving	   them	   free	   to	   phrase	   and	  
organise	  their	   letters	  however	  they	  thought	  best	   (Lewis,	  W.,	  and	  Bonollo,	  E.,	  2002,	  
p.387).	  
	  
To	  evaluate	  the	  clients’	  responses	  (needed	  in	  order	  to	  see	  if	  the	  quality	  of	  university	  
education	  meets	  the	  needs	  of	  professional	  disciplines),	  Lewis	  and	  Bonollo	  used	  their	  
five-­‐stage	  operational	  model	  of	  the	  design	  process	  in	  order	  to	  group	  the	  responses	  
as	   they	   felt	   it	   ‘provided	   a	   useful	   frame	   of	   reference’.	   They	   found	   some	   of	   the	  
comments	   lined	   up	   with	   this	   model,	   and	   were	   classed	   under	   ‘cognitive	   skills	   in	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design	  problem	  solving’,	  however,	  a	  significant	  number	  of	  other	  comments	  referred	  
to	   the	   topic	   of	   ‘professional	   behaviour’,	   which	   appeared	   to	   be	   a	   very	   important	  
aspect	   and	   are	   valued	   by	   the	   clients/industry.	   This	   illustrates	   how	   professionals’	  
value	  behaviour	  aspects	  of	  designers	  other	  than	  purely	  cognitive,	  as	  skills	   in	  design	  
project	  management	  and	  interpersonal	  skills	  were	  frequently	  mentioned.	  From	  this	  
data	   analysis,	   new	   areas	   needed	   for	   design	   education	  were	   identified	   as	   the	   ‘five	  
dimensions	   of	   professional	   behaviour’;	   this	   information	   has	   been	   graphically	  
illustrated	  by	   the	  doctoral	   researcher	   (Figure	  49)	   for	   ease	  of	   understanding	  within	  
this	  research	  study,	  showing	  which	  of	  the	  dimensions	  would	  need	  to	  be	  added	  into	  
the	  ‘five-­‐stage	  operational	  model	  of	  the	  design	  process’	  and	  those	  in	  general	  design	  
education.	  
	  
Figure	  49	  –	  Adding	  the	  ‘five	  dimensions	  of	  professional	  behaviour’	  (in	  blue)	  into	  the	  
‘five-­‐stage	  operational	  model	  of	  the	  design	  process’	  (in	  black),	  and	  design	  education	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Lewis	  and	  Bonollo’s	  analysis	  of	  the	  clients’	  evaluations	  is	  of	  a	  useful	  scale	  with	  direct	  
empirical	  evidence	  of	  what	  66	  clients	  (practitioners	  and	  company	  managers)	  value	  in	  
the	  work	  of	  design	  professionals,	  which	  emphasises	  the	  need	  for	  these	  values	  to	  be	  
incorporated	  into	  the	  professional	  design	  education	  programmes.	  	  
	  
A	   formal	   model	   of	   the	   design	   process	   was	   constructed	   for	   two	   reasons:	   to	   assist	  
student	   learning	   through	   a	   structured	   approach	   (a	   user-­‐friendly	   approach	   to	  
industrial	   design	   problem	   solving,	   based	   on	   recognisable	   and	   familiar	   concepts	  
making	  it	  easy	  to	  apply),	  and	  to	  provide	  a	  tool	  for	  the	  management	  and	  planning	  of	  
design	   projects	   (to	   break	   down	   the	   whole	   process	   into	   subordinate	   processes	   to	  
which	   resources	   can	   be	   allocated	   and	  whose	   tangible	   outputs	   can	   be	  monitored).	  
There	  are	   five	  major	   stages	   in	   the	  model	   (Figure	  48),	   in	  which	  a	   tangible	  output	   is	  
recorded	  from	  each	  stage	  (Lewis,	  W.,	  and	  Bonollo,	  E.,	  2002,	  p.387-­‐388).	  
	  
The	   student’s	   time	   spent	   on	   each	   stage	   of	   the	   operational	   model	   of	   the	   design	  
process	  was	  recorded	  in	  a	  percentage	  of	  the	  overall	  total	  time	  spent	  on	  the	  project	  
(Figure	   50).	   One	   of	   the	   observations	  was	   that	   a	   “high	   percentage	   of	   time	   (34.5%)	  
devoted	   to	   presentation	   and	   communication	   of	   recommendations	   to	   clients.	   Very	  
likely,	   this	   is	   due	   to	   the	   nature	   of	   the	   educational	   environmental	   in	   which	   the	  
students	   were	   working,	   and	   the	   need	   for	   them	   to	   take	   great	   care	   in	   their	  
presentations”	  (Lewis,	  W.,	  and	  Bonollo,	  E.,	  2002,	  p.399),	  this	  demonstrates	  how	  time	  
allocation	  can	  differ	  greatly	  between	  designers	  being	  in	  an	  educational	  environment,	  
and	  an	  industry/commercial	  environment.	  
	  
	  
Figure	  50	  -­‐	  Percentages	  of	  total	  time	  on	  design	  project	  devoted	  to	  major	  stages	  of	  
the	  design	  process	  
(Lewis,	  W.,	  and	  Bonollo,	  E.,	  2002,	  p.398)	  
	  
	  
A	  model	  such	  as	  this	  facilitates	  “the	  planning	  and	  control	  of	  design	  projects	  in	  terms	  
of	  major	  tasks	  to	  be	  executed	  and	  the	  scheduling	  of	  milestones	  for	  their	  execution,	  as	  
well	  as	  for	  the	  development	  of	  appropriately	  skilled	  professionals	  for	  their	  successful	  
completion”	   (Lewis,	   W.,	   and	   Bonollo,	   E.,	   2002,	   p.398)	   at	   both	   educational	   and	  
professional	  levels.	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2.6.1.5	  Design	  for	  the	  commercial	  world	  –	  Are	  they	  ready?	  
	  
Kiernan	   and	   Ledwith’s	   study	   on	   whether	   design	   education	   prepares	   product	  
designers	  for	  the	  ‘real	  world’,	  surveyed	  251	  graduates	  from	  undergraduate	  product	  
design	  courses	   in	   Ireland	  (Kiernan,	  L.	  and	  Ledwith,	  A.,	  2014).	  The	  study	  highlighted	  
the	   importance	   of	   “aligning	   design	   education	   with	   evolving	   design	   practice”,	   and	  
that	   designers	   had	   difficulty	   achieving	   positions	   as	   they	   did	   not	   feel	   “sufficiently	  
skilled”	   even	   despite	   potential	   opportunities	   in	   newer	   areas	   such	   as	   design	  
leadership	   and	   service	   design.	   Designers	   will	   need	   ‘specialist	   skills’,	   but	   also	  
‘generalist	   skills’	   in	   areas	   such	   as	   “business,	   communication	   and	   negotiation”.	  
Kiernan	  and	  Ledwith	  state	  that	  “as	  designers	  are	  now	  immersed	  in	  the	  front	  end	  of	  
the	   design	   process,	   skills	   in	   the	   area	   of	   research,	   such	   as	   ethnography	   and	  
observation,	  are	  critical.	  	  
	  
They	   proposed	   three	   education	   models	   in	   the	   study	   “to	   compliment	   the	   more	  
traditional	  methods	  of	  the	  Bauhaus”:	  
	  
1. Generalist	  verses	  specialist	  approaches	  
2. Interdisciplinary	  education,	  design	  thinking,	  problem-­‐solving	  skills	  
3. Self-­‐directed	  learning	  models	  such	  as	  PBL	  [problem-­‐based	  learning]	  
	  
Kiernan	  and	  Ledwith	  recognise	  the	  need	  for	  further	  research	  in	  the	  development	  and	  
evaluation	  of	  teaching	  strategies	  in	  the	  area	  of	  design	  education	  that	  “further	  align	  
design	  practice	  and	  education”,	  along	  with	  examining	  if	  the	  findings	  within	  the	  study	  
are	  representational	  outside	  of	  Ireland	  (Kiernan,	  L.	  and	  Ledwith,	  A.,	  2014).	  
	  
Designers	   are	   often	   made	   aware	   of	   a	   product’s	   life	   cycle	   in	   design	   education,	  
however,	  as	   identified	  by	  Taylor	  and	  Taylor	   (Taylor,	  M.	  and	  Taylor,	  A.,	  2012)	   three	  
terms	   are	   commonly	   used	   and	   are	   often	   “used	   interchangeably,	   ambiguously	   and	  
often	   inappropriately”,	   these	   are	   ‘product	   life	   cycle’,	   ‘technology	   life	   cycle’,	   and	  
‘industry	  life	  cycle’.	  In	  their	  research,	  they	  state	  that	  the	  confusion	  over	  technology	  
cycles	   pertains	   today	   and	   continues	   to	   hinder	   understanding.	   Taylor	   and	   Taylor	  
developed	   an	   integrated	   view	   on	   the	   topic	   in	   a	   conceptualisation	   model	   of	   the	  
technology	   life	   cycle	   (Figure	   51)	  which	   incorporates	   three	   entities:	   the	   technology	  
“application,	   paradigm	  and	   generation”,	   drawing	   together	   various	   perspectives	   on	  
technology	  progression	  that	  “offers	  the	  prospect	  of	  such	  a	  foundation”.	  ‘Technology’	  
was	  used	  as	  the	  unit	  of	  analysis	  as	  opposed	  to	  any	  artefact	  or	  product;	  using	  the	  twin	  
dimensions	  of	  time	  and	  granularity.	  
	  
Taylor	   and	   Taylor	   explain	   their	   model	   through	   the	   footnotes	   labelled	   within	   the	  
model:	  
	  
Key	  to	  footnotes:	  	  
1. The	   figure	   presents	   the	   general	   case	   and	   does	   not	   apply	   to	   any	   particular	  
situation:	   the	  number	  and	  durations	  of	  paradigms	  and	  generations,	  and	  the	  
duration	  of	  the	  constituent	  eras	  that	  it	  portrays	  are	  illustrative	  only.	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2. The	   paradigms	   are	   depicted	   separately;	   in	   reality	   they	  may	   be	   separate	   in	  
time	  or	  they	  may	  overlap.	  
3. During	   the	   era	   of	   ferment	   the	   focus	   of	   development	   is	   predominately	   on	  
product	  innovation.	  
4. During	   the	   era	   of	   incremental	   change	   the	   focus	   of	   development	   is	  
predominatly	  on	  process	  innovation	  and	  the	  search	  for	  spin	  off	  applications.	  
	  
	  
Figure	  51	  -­‐	  A	  conceptualisation	  model	  of	  the	  technology	  life	  cycle	  
(Taylor,	  M.	  and	  Taylor,	  A.,	  2012,	  p.550)	  
	  
	  
Whilst	  this	  model	  is	  aimed	  at	  those	  at	  a	  managerial	  level,	  a	  model	  such	  as	  this	  could	  
change	  designers’	  perceptions	  by	  introducing	  and	  considering	  all	  three	  types	  of	   life	  
cycles	  for	  product,	   industry,	  and	  technology.	  Furthermore,	  this	  could	  also	  influence	  
the	  future	  education	  of	  designers	  and	  therefore	  the	  design	  of	  future	  products.	  
	  
	  
2.6.2	   Relationships	   between	   industrial	   designers,	  
electronics	  (conventional),	  and	  electronics	  experts	  
	  
The	   work	   of	   Varekamp	   et	   al.	   (Varekamp,	   et	   al.	   2014,	   pp.1-­‐6)	   discusses	   the	  
relationship	   between	   industrial	   designers,	   and	   conventional	   electronics.	   Varekamp	  
et	   al.	   states	   how	   industrial	   designers	   have	   a	   limited	   technical	   knowledge	   when	   it	  
comes	   to	   the	   electronic	   domain,	   however	   they	   compensate	   by	   having	   discussions	  
early	   in	   the	   design	   process	   with	   external	   electronics	   experts.	   Varekamp	   et	   al.	  
mentions	  the	  possibility	  of	  discussing	  “electronics	  in	  a	  “designerly”	  way”	  (Varekamp,	  
et	  al.	  2014,	  p.1)	  but	  there	  are	  downsides	  to	  this	  current	  method	  of	  communication	  
from	   designers	   to	   electronics	   experts	   as	   the	   designers	   use	   little	   technical	  
terminology	  and	  it	  also	  limits	  the	  exploration	  of	  electronics,	  and	  the	  designer	  to	  fully	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design	  product	  behaviour.	  A	  need	  for	  a	  practical,	   information	  source	  to	  be	  used	   in	  
design	  projects,	  by	  industrial	  designers	  was	  emphasized	  by	  Varekamp	  et	  al.,	  and	  how	  
industrial	   designers	   education	   still	   lacks	   the	   topic	   of	   the	   “feasibility	   of	   electronic	  
technologies”	  (Varekamp,	  et	  al.	  2014,	  p.2).	  	  
	  
2.6.2.1	  Varekamp’s	  ‘ideal	  framework’	  
	  
Varekamp	   et	   al.	   interviewed	   several	   design	   professionals	   who	   emphasised	   the	  
importance	   of	   “cooperating	   with	   electronics	   experts	   to	   judge	   the	   technical	  
feasibilitity”.	  A	   format	  was	   then	   formulated	   from	   these	   interviews	   (Figure	  52)	   that	  
shows	   “the	   steps	   industrial	   designers	   are	   expected	   to	   take	   when	   considering	   the	  
integration	   of	   electronics.	   Because	   the	   early	   design	   phase	   is	   vague	   designers	   are	  
expected	   to	  detail	   integrated	   electronics	   to	  a	   certain	   extent	   before	   communication	  
about	  technical	  criteria	  and	  feasibility	  is	  possible”	  (Varekamp,	  et	  al.	  2014,	  p.2)	  
	  
	  
Figure	  52	  -­‐	  Framework	  for	  working	  with	  integrated	  electronics,	  based	  on	  preliminary	  
interviews	  with	  design	  professionals	  
(Varekamp,	  et	  al.	  2014,	  p.3)	  
	  
	  
2.6.2.2	  Working	  methods	  at	  design	  agencies	  
	  
Varekamp	   et	   al.	   found	   that	   there	  were	   similarities	   in	   the	   design	   process	   between	  
different	  design	  agencies	  when	  considering	  the	  integration	  of	  electronics,	  however,	  
there	   seemed	   to	   be	   no	   standard	   approach.	   The	   designers	   emphasised	   that	   their	  
“exact	   way	   of	   working	   depends	   heavily	   on	   the	   project	   brief”.	   Varekamp	   et	   al.	  
discusses	  “besides	  several	  common	  actions,	  such	  as	  benchmarking	  with	  competitors,	  
two	   aspects	   have	   a	   clear	   central	   role	   in	   all	   participating	   design	   agencies:	   use	  
scenarios	  and	  knowledge	  from	  experience.	  Visualizing	  use	  scenarios	  is	  done	  to	  specify	  
functionalities,	  product	  behaviour,	  required	  components	  and	  known	  criteria.	  Making	  
theses	   scenarios	   is	   an	   iterative	   process	   to	   explore	   different	   options	   and	   include	   as	  
much	  details	  as	  possible	  of	  the	  (known)	  aspects	  that	  are	  involved”	  (Varekamp,	  et	  al.	  
2014,	  p.3)	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Varekamp	   et	   al.	   discuss	   that	   “During	   the	   exploration	   process	   aspects	   that	   are	  
uncertain	  and	  know	  to	  be	  important	  for	  the	  success	  of	  the	  product	  are	  specified.	  This	  
results	   in	  one	  or	  more	  early	  design	  concepts	  with	  several	  uncertainties	  that	  have	  to	  
be	  clarified	  in	  order	  to	  judge	  the	  technical	  feasibility.	  At	  this	  point	  the	  importance	  of	  
knowledge	   from	   experience	   becomes	   evident.	   Again	   exact	   working	  methods	   differ	  
between	   design	   agencies,	   but	   all	   industrial	   designers	   rely	   heavily	   on	   their	   own	  
experience	   to	   identify	   and	   investigate	   uncertainties…industrial	   designers	   need	   to	  
have	  previous	  experience	  with	  a	  very	  similar	  situation	  to	  be	  able	  to	  apply	  the	  found	  
information	  in	  a	  new	  design	  project”	  (Varekamp,	  et	  al.	  2014,	  p.3-­‐4).	  
	  
	  
Figure	  53	  -­‐	  The	  exploration	  and	  detailing	  phase	  of	  integrated	  electronics,	  showing	  
the	  main	  role	  of	  use	  scenarios	  and	  knowledge	  from	  experience	  
(Varekamp,	  et	  al.	  2014,	  p.3)	  
	  
Varekamp	   et	   al.	   discuss	   that	   “With	   the	   variety	   in	   design	   projects	   and	   electronic	  
technologies	   encountering	   a	   very	   similar	   situation	   is	   rare,	   therefore	   the	   help	   of	  
external	   electronics	   experts	   is	   often	   needed	   very	   early	   in	   the	   design	   process”	  
(Varekamp,	  et	  al.	  2014,	  p.4).	  
	  
	  
2.6.2.3	  Communication	  methods	  with	  electronics	  experts	  
	  
Currently	  designers	  seem	  to	  contact	  the	  electronics	  experts	  with	  “small	  questions	  or	  
vague	   ideas	   much	   earlier	   than	   expected…in	   theses	   cases	   industrial	   designers	   use	  
their	   use	   scenarios	   and	   other	   visualizations	   that	   show	   the	   functionalities,	   user	  
interaction	   and	   context	   of	   use.	   Using	   this	   input	   electronics	   experts	   can	   identify	  
requires	   components	   and	   technical	   criteria	   themselves	   and	   provide	   some	   general	  
feedback.	  At	  first	  this	  is	  not	  enough	  to	  judge	  the	  technical	  feasibility,	  but	  electronics	  
experts	  also	  help	  with	  further	  detailing	  of	  the	  electronic	  technology	  by	  thinking	  along	  
with	   designers	   about	   the	   criteria	   and	   alternatives.	   This	   makes	   it	   possible	   for	  
industrial	   designers	   to	   evaluate	   the	   technical	   feasibility	   in	   close	   cooperation	   with	  
electronics	  experts	  without	  possessing	  the	  required	  technical	  knowledge	  themselves”	  
(Varekamp,	  et	  al.	  2014,	  p.4),	  this	  is	  shown	  in	  the	  image	  below	  (Figure	  54).	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Figure	  54	  -­‐	  The	  working	  method	  of	  industrial	  designers	  showing	  that	  electronics	  
experts	  are	  also	  contacted	  when	  no	  detailing	  is	  done	  by	  designers	  
(Varekamp,	  et	  al.	  2014,	  p.4)	  
	  
	  
2.6.2.4	  Limitations	  of	  working	  methods	  
	  
Varekamp	  et	  al.	  discuss	  that	  “In	  the	  current	  design	  practice	  industrial	  designers	  rely	  
heavily	  on	  external	  experts	  to	  identify	  important	  uncertainties	  and	  criteria	  based	  on	  
visualizations	   and	   communication	   in	   general	   terminology.	   As	   a	   result	   the	   required	  
technical	   knowledge	   is	   not	   shared	   between	   designer	   and	   expert,	   but	   only	   for	   the	  
implications	   for	   a	   specific	   design	   project.	   This	   results	   in	   a	   slow	   and	   fragmented	  
learning	   process	   for	   industrial	   designers	   where	   they	   only	   learn	   to	   apply	   certain	  
electronic	   technology	   in	   a	   specific	   design…large	   dependence	   on	   knowledge	   from	  
experience	   creates	   a	   strong	   incentive	   to	   only	   consider	   electronic	   technologies	   that	  
have	   been	   used	   before…results	   a	   limitation	   of	   their	   solution	   scope…relying	   on	  
external	   experts	   to	   specify	   technical	   criteria	   makes	   it	   difficult	   for	   designers	   to	  
influence	  the	  product	  behaviour	  in	  detail”	  (Varekamp,	  et	  al.	  2014,	  p.4-­‐5)	  
	  
“With	  their	  current	  working	  method	  industrial	  designers	  are	  not	  only	  limited	  
in	   their	   ability	   to	   judge	   technical	   feasibility,	   but	   also	   in	   the	   exploration	   and	  
detailing	   of	   integrated	   electronics	   and	   their	   added	   value”	   (Varekamp,	   et	   al.	  
2014,	  p.5)	  
	  
Varekamp	  et	  al.	  concludes	  with	  the	  goal	  to	  “empower	  industrial	  designers	  to	  change	  
from	  integrating	  electronics	  to:	  designing	  integrated	  electronics,	  its	  product	  behavior	  
and	   influence	   on	   user	   experience”	   by	   using	   a	   framework	   that	   combines	   “design	  
methods	  and	  tools	  that	  facilitate	  communication	  with	  experts	  that	  goes	  further	  than	  
feasibility”	  (Varekamp,	  et	  al.	  2014,	  p.6).	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2.6.3	   The	   value	   of	   knowledge	   transfer	   for	   design	  
education	  
	  
Crabbe	  discusses	  from	  the	  perspective	  of	  design	  academics	  the	  value	  of	  knowledge	  
transfer	  collaborations,	  where	  academics	  and	  commercial	  partners	  work	  together	  to	  
practice	   product	   design.	   This	   knowledge	   transfer	   collaboration	   benefits	   design	  
academics	  with	  a	  mechanism	  to	  develop	  skills	  and	  knowledge	  that	  they	  would	  not	  be	  
able	  to	  attain	  otherwise.	  The	  UK	  offers	  a	  knowledge	  transfer	  collaboration	  initiative	  
which	  is	  strongly	  supported	  by	  the	  government	  and	  university	  sector	  that	  aimed	  to	  
“maximize	   benefits	   to	   all	   involved,	   from	   companies	   through	   to	   students	   taught	   by	  
academic	   partners.	   The	   principal	   safeguard	   is	   to	   require	   an	   extremely	   detailed	  
proposal	  of	  the	  scheme	  of	  work	  proposed,	   including	  the	  sharing	  of	  benefits	  and	  the	  
reporting	   of	   outcomes”	   (Crabbe,	   A.,	   2008,	   pp.	   25-­‐26).	   A	   collaborative	   knowledge	  
transfer	  plan	  such	  as	   this	  aims	  to	  benefit	  all	   involved.	  From	  the	  perspective	  of	   this	  
research,	   particular	   interest	   lies	   with	   the	   design	   students	   and	   the	   educational	  
benefits	   to	   them.	   Crabbe	   explains	   the	   opportunities	   relevant	   to	   design	   students	  
being	  the	  personal	  development	  of	  academics	  which	  then	  “feeds	  back	  into	  teaching	  
and	  enquiry	   about	   the	  nature	  of	   design”	   and	   the	   academics	   ability	   to	  pass	  on	   this	  
new	   knowledge	   and	   expertise	   to	   their	   students	   (Crabbe,	   A.,	   2008,	   p.26).	   This	  
illustrates	   the	   idea	   of	   knowledge	   transfer	   being	   passed	   from	   those	   in	   industry	   to	  
academia,	  and	  then	  to	  design	  students	  (Crabbe,	  A.,	  2008).	  
	  
The	  work	  of	  Inns	  et	  al	  (Inns,	  T.,	  et	  al.,	  2006)	  focussed	  on	  strategies	  for	  building	  design	  
knowledge	   transfer	   partnerships	   (KTPs),	   to	   transfer	   the	   knowledge	   of	   “tools,	  
techniques	  and	  processes”.	  Ways	  of	   structuring	  KTPs	  differently	  were	   suggested	   in	  
order	   to	   support	   ‘tacit’	   knowledge	   emergence	   (knowledge	   that	   is	   not	   spoken	   or	  
written).	  KTPs	  are	  funded	  by	  both	  industry	  and	  government,	  and	  it	  enables	  any	  UK	  
based	   company/business	   to	   form	  partnerships	   between	   companies	   and	   centres	   of	  
academic	   expertise.	   Previous	  work	  with	   KTP	   programmes	  with	   company	   partners,	  
who	  were	  inexperienced	  in	  using	  design,	  has	  aimed	  to	  create	  “a	  bespoke	  framework	  
for	  managing	  product	  design	  for	  the	  business”	  (Figure	  55).	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Figure	  55	  -­‐	  Flows	  of	  knowledge	  in	  KTP	  programmes	  with	  company	  partners	  who	  
were	  inexperienced	  in	  using	  design	  
(Inns,	  T.,	  et	  al.,	  2006,	  p.40)	  
	  
	  
In	   the	   work	   of	   Inns	   et	   al,	   the	   company	   partner	   (a	   cross-­‐disciplinary	   design	  
consultancy)	   had	   very	   high	   levels	   of	   design	   expertise,	   and	  was	   experienced	   in	   the	  
organisation	  of	  the	  work	  of	  its	  design	  teams.	  The	  company	  wanted	  to	  “explore	  new	  
ways	  of	  improving	  its	  business	  effectiveness…to	  identify	  new	  ways	  of	  enhancing	  the	  
process	   that	   supported	   its	   core	  design	  activity”.	   The	   formulation	  of	   a	  new	   ‘flow	  of	  
knowledge’	   (Figure	   56)	   in	   the	   KTP	   programme	   for	   the	   company	   opened	   up	   new	  
approaches	   to	   sharing	   knowledge	   in	   the	   form	  of	  workshops,	  where	   the	   staff	  were	  
asked	   to	   create	   a	   roll-­‐play	   situation	   to	   explore	   each	   other’s	   knowledge	   with	   one	  
member	  of	   staff	  acting	  as	  a	   fictitious	  client	  and	  another	  staff	  member	   to	  extract	  a	  
design	   brief	   from	   them	   using	   a	   prototype	   briefing	   tool.	   Experience	   from	   the	  
company	   suggests	   “the	   first	   half	   of	   the	   project	   should	   be	   spent	   in	   familiarization,	  
mapping,	   diagnostic	   and	   planning	   activities	   with	   actual	   tool	   development	   and	  
implementation	  occupying	  the	  second	  half”	  (Inns,	  T.,	  et	  al.,	  2006).	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Figure	  56	  -­‐	  Flows	  of	  knowledge	  in	  the	  KTP	  programme	  with	  the	  cross-­‐disciplinary	  
design	  consultancy	  company	  
(Inns,	  T.,	  et	  al.,	  2006,	  p.40)	  
	  
	  
This	   example	   of	   a	   design	   company	   involved	   in	   a	   KTP	   programme	   shows	   that	   the	  
approaches	  chosen	   to	  create	   the	   flow	  of	  knowledge	  can	  make	  a	  vast	  difference	   to	  
how	  the	  knowledge	  is	  communicated	  between	  members	  of	  staff.	  The	  practical	  and	  
interactive	  approaches	  appear	  to	  work	  well	  in	  a	  design	  based	  company,	  drawing	  on	  
existing	   experience	   and	   knowledge;	   in	   turn	   how	   this	   feeds	   back	   to	  
academia/university	   partner,	   and	   can	  be	  used	   in	   the	  principles	  of	   knowledge.	   This	  
keeps	   the	   university’s	   knowledge	   up	   to	   date,	   and	   also	   this	   knowledge	   could	   be	  
passed	  onto	  the	  design	  students.	  
	  
The	  work	  of	  Jerrard	  et	  al	  (Jerrard,	  B.,	  et	  al.,	  2013)	  addressed	  the	  need	  for	  universities	  
to	  “systematically	  reflect	  and	  assess	  value	  in	  a	  manner	  commensurate	  with	  learning	  
organizations”	   when	   they	   have	   undergone	   a	   knowledge	   transfer	   project	   with	  
university	   and	   industry	   partnerships/collaborations,	   in	   order	   to	   retain	   design	  
knowledge	  assets	   in	  higher	  education.	   In	  the	  work	  of	  Jerrard	  et	  al	  new	  approaches	  
are	   indicated	   to	   “identify,	   capture	   and	   reuse	   knowledge	   assets	   that	   emerge	   from	  
design-­‐oriented	   knowledge	   transfer	   projects”.	   Tacit	   knowledge	   assets	   were	  
‘extremely	  dynamic’	  in	  their	  nature	  and	  were	  found	  “primarily	  embedded	  within	  the	  
experience	   of	   individuals	   and	   teams”,	   the	   knowledge	   transfer	   process	   itself	   was	  
dependent	   on	   “social	   interaction	   and	   the	   application	   of	   intellectual	   capital”.	   The	  
development	   of	   a	   design	   knowledge	   was	   dependant	   on	   “a	   combination	   of	  
systematic,	  experimental,	  conceptual	  and	  routine	  knowledge	  assets	  applied	  through	  
the	  skills	  of	  academics,	  project	  managers	  and	  businesses	  in	  a	  ‘two-­‐way	  street’”.	  	  
	  
In	  order	  to	  enhance	  design	  knowledge	  retention	  in	  universities,	  Jerrard	  et	  al	  suggests	  
“adapting	   non-­‐financial	   auditing	   of	   projects”	   and	   to	   focus	   firstly	   on	   “the	  
development	  of	  a	  common	  and	   integrated	  understanding	  of	  design	  knowledge”.	   	  A	  
key	   discovery	   from	   the	   research	  was	   an	   “interdependent	   relationship	   between	   the	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identification	  of	  design	  knowledge	  assets	  and	  the	  evaluation	  of	  knowledge	  transfer”.	  
This	   work	   was	   a	   suggestion	   of	   a	   method	   of	   working,	   and	   how	   to	   better	   retain	  
knowledge.	  With	  this	  in	  mind,	  if	  the	  academics	  used	  a	  system	  such	  as	  this,	  or	  devised	  
their	  own	  system	  of	   retaining	  design	  knowledge	   from	  knowledge	  transfer	  projects,	  
then	   this	   information	   could	   be	   passed	   onto	   design	   students.	   This	   could	   also	  
potentially	  enrich	  their	  knowledge	  on	  areas	  such	  as	  “the	  changing	  design	  industry	  in	  
terms	  of	  forthcoming	  design	  trends,	  new	  product	  development	  processes	  and	  specific	  
skill	  requirements”	  in	  a	  way	  that	  does	  not	  interfere	  with	  or	  encroach	  on	  intellectual	  
capital.	  Examples	  were	  found	  where	  knowledge	  had	  been	  successfully	  “translated	  to	  
the	   development	   of	   academic	   outputs	   for	   journal	   articles	   and	   curriculum	  
development,	   but	   only	   where	   a	   pre-­‐existing	   retention	   plan	   was	   made.	   Such	   plans	  
often	   appeared	   in	   conflict	   or	   at	   least	   parallel	   to	   the	   formal	   client-­‐centred	   project	  
framework”.	  Identification	  of	  knowledge	  assets,	  the	  development	  of	  a	  typology	  and	  
the	  classification	  of	  projects	  accordingly	  was	  formulated	  in	  the	  research	  (Figure	  57)	  
“identifying	  knowledge	  assets	  using	  planned	  participatory	  methodology	  enables	  the	  
identification	   and	   development	   of	   design	   knowledge”,	   however,	   this	   does	   not	  
account	  for	  any	  tacit	  knowledge	  assets	  (Jerrard,	  B.,	  et	  al.,	  2013).	  	  
	  
Figure	  57	  -­‐	  A	  Typology	  of	  design	  knowledge	  assets	  that	  may	  be	  observed	  
(Jerrard,	  B.,	  et	  al.,	  2013,	  p.346)	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Montgomery	  and	  McClelland	  state	  that	  within	  the	  design	  sector,	  knowledge	  transfer	  
partnerships	  (KTPs)	  are	  “multifaceted	  collaborations	  which	  impact	  on	  organizational	  
structures	   and	   operations,	   offer	   opportunities	   to	   develop	   applied	   research,	   and	  
facilitate	   the	   development	   of	   skills	   for	   the	   individual”	   and	   that	   universities	   often	  
benefit	   in	   “stronger	   education-­‐industry	   links,	   academic	   staff	   development,	   future	  
student	   placements	   and	   interdisciplinary	   research	   opportunities”	   by	   being	   involved	  
with	   KTPs.	   They	   describe	   these	   collaborations	   as	   being	   a	   ‘three-­‐way	   partnership’	  
involving	   the	   company,	   the	   university,	   and	   the	   student	   (usually	   being	   their	  
‘placement	   year’	   for	   an	   undergraduate	   student);	   with	   the	   university	   maintaining	  
regular	   contact	   via	   email	   and	   on-­‐site	   visits	   where	   the	   student’s	   supervisor	   would	  
meet	  the	  academic	  “for	  the	  purposes	  of	  reporting	  and	  feedback”	  in	  order	  to	  monitor	  
the	   requirements	   of	   the	   scheme.	   They	   discuss	   the	   development	   and	   running	   of	   a	  
design	   KTP	   as	   being	   “a	   varying	   combination	   of	   technical	   solution	   and	   design	  
management;	   educating	   the	   company	   through	   tacit/informal	   communication;	   and	  
educating	   academic	   project	   partners	   in	   allied	   subject	   areas”	   (Montgomery,	   I.	   and	  
McClelland,	  B.,	  2006).	  
	  
Montgomery	  and	  McClelland	  describe	  the	  placement	  experience	  as	  often	  offering	  “a	  
cordial	   and	   friendly	  platform	  on	  which	   various	   issues	   relating	   to	   industry,	   learning,	  
integration,	   strategy,	   and	  mentoring	   can	   all	   be	   freely	   discussed”.	   This	   benefits	   the	  
student	  in	  gaining	  industry	  experience	  and	  the	  evaluation	  of	  their	  performance	  and	  
progress,	  but	  also	   from	  an	  academic	  point	  of	  view,	  an	  opportunity	   to	  gain	   insights	  
into	   what	   is	   expected	   from	   students	   that	   can	   then	   be	   communicated	   in	   the	  
education	  environment	  to	  equip	  other	  students	  for	  industry.	  These	  insights	  into	  the	  
successes	  of	   the	   learning	  and	   integration	  of	   a	  new	   technology	  as	  demonstrated	   in	  
Montgomery	   and	   McClelland’s	   work	   can	   show	   how	   a	   company	   can	   adopt	   a	  
completely	  new	  technology	  and	  also	  change	  the	  way	  their	  company	  operates	  (in	  this	  
example	  the	  change	  over	  from	  working	  with	  traditional	  photography	  techniques	  to	  
digital	   imaging	   technology),	   this	  was	   a	   necessary	   change	   as	   the	   project	   “identified	  
deficiencies	   in	   existing	   practices	   and	   proposed	   new	   working	   methods	   in	   order	   to	  
develop	  business	  potential”.	  The	  company	  could	  achieve	  this	  transition	  with	  the	  help	  
of	  a	  recruited	  specialist	  (Montgomery,	  I.	  and	  McClelland,	  B.,	  2006).	  
	  
The	   introduction	   of	   a	   rapid	   design	   auditing	   process	   (Figure	   58)	   succeeds	   best	   in	  
companies	   that	  do	  not	   already	  have	  an	  existing	   (and	  already	   successful)	  operating	  
model,	  as	  organisations	  can	  be	  “reluctant	  to	  adopt	  new	  operating	  concepts	  (even	  as	  
pilot	   studies”,	   this	   reluctant	   approach	   can	   lead	   to	   a	   compromise	   of	   a	   company’s	  
growth	   potential.	   The	   rapid	   design	   auditing	   process	  works	  well	   in	   companies	  who	  
are	  “prepared	  to	  consider	  new	  business	  opportunities	  while,	  at	  the	  same	  time,	  being	  
open	  to	  adopting	  new	  working	  practices	  and	  investing	  in	  staff	  development	  and	  new	  
technologies.	   An	   open	   approach	   can	   often	   act	   as	   the	   key	   to	   organizational	  
development”.	  Discussed	  was	  the	  importance	  of	  the	  ‘tacit	  approach’	  throughout	  the	  
KTP	  duration:	  “from	  initial	  discussions,	  in	  identifying	  the	  problem	  and	  formulating	  a	  
strategy,	   through	   to	   the	   day-­‐to-­‐day	   engagement	   with	   the	   targeted	   deliverables”.	  
Highlighted	  is	  also	  the	  need	  for	  the	  rapid	  design	  auditing	  to	  be	  complemented	  by	  “a	  
	   100	  
tacit/informal	   design	   approach,	   design	   approach,	   and	   integrative	   problem-­‐solving	  
(technical	  and	  design)”	  (Montgomery,	  I.	  and	  McClelland,	  B.,	  2006).	  
	  
	  
Figure	  58	  -­‐	  Rapid	  Design	  Auditing	  Process	  
(Montgomery,	  I.	  and	  McClelland,	  B.,	  2006,	  p.16)	  
	  
	  
In	   each	   of	   the	   examples	   with	   Knowledge	   Transfer	   (KT)/Knowledge	   Transfer	  
Partnerships	  (KTPs),	  there	  is	  a	  strong	  theme	  of	  knowledge	  being	  passed	  from	  those	  
in	  industry	  to	  academia,	  and	  finally	  to	  design	  students	  (Crabbe,	  A.,	  2008;	  Inns,	  T.,	  et	  
al.,	  2006;	  Jerrard,	  B.,	  et	  al.,	  2013;	  Montgomery,	  I.	  and	  McClelland,	  B.,	  2006).	  Jerrard	  
spoke	  of	  the	  importance	  of	  enhancing	  design	  knowledge	  retention	  in	  universities,	  to	  
retain	   design	   knowledge	   assets	   in	   higher	   education	   by	   identifying,	   capturing	   and	  
reusing	   “knowledge	   assets	   that	   emerge	   from	   design-­‐oriented	   knowledge	   transfer	  
projects”	  (Jerrard,	  B.,	  et	  al.,	  2013,	  p.349).	  	  
	  
A	  problem	  lies	  in	  KT/KTPs	  in	  the	  topic	  of	  ‘tacit	  knowledge’	  that	  can	  only	  be	  obtained	  
through	   vast	   experience	   and	   collaborations	   over	   long	   periods	   of	   time.	   This	   tacit	  
knowledge	  would	  not	   be	   easily	   transferred	  or	   taught	   to	  design	   students,	   and	  may	  
even	  be	  too	  much	  information	  for	  design	  students	  when	  first	   learning	  about	  a	  new	  
technology,	  but	  over	  time,	  if	  the	  student	  develops	  a	  passion	  to	  learn	  more	  about	  or	  
work	  more	  with	  the	  technology,	  this	  could	  be	  obtained.	  Tacit	  knowledge	  appears	  to	  
be	  a	  much	  greater	  depth	  of	  knowledge	  on	  a	  subject,	  and	  this	   in	  its	  nature	  may	  not	  
translate	  well	   in	  an	  educational	  environment,	  as	   it	  may	  be	  case-­‐by-­‐case	  dependant	  
in	  how	  the	  knowledge	  is	  useful	  or	  can	  be	  applied.	  
	  
Spraggon	   and	   Bodolica’s	   (Spraggon,	   M.	   and	   Bodolica,	   V.,	   2012)	   created	   a	  
multidimensional	  ‘taxonomy	  of	  knowledge	  transfer	  processes’	  (Figure	  59),	  consisting	  
of	  four	  categories	  of	  knowledge	  transfer	  processes:	  ‘Static	  virtual’,	  ‘Dynamic	  virtual’,	  
‘Canonical	  face-­‐to-­‐face’,	  and	  ‘Non-­‐canonical	  face-­‐to-­‐face’.	  Further	  to	  this	  taxonomy,	  
four	   category	   idiosyncrasies	  were	   created	   (Figure	  60)	   to	   illustrate	   their	   capacity	   to	  
enable	   the:	   ‘mobilisation	   of	   a	   given	   type	   of	   knowledge	   (Knowledge	   dimensions)’;	  
‘deployment	   of	   specific	   communication	   attributes	   (Communication	   attributes)’;	  
‘overcoming	  of	  knowledge	  transfer	  barriers	  (Dominant	  barriers)’;	  and	  ‘attainment	  of	  
targeted	  knowledge	  outcomes	  (Knowledge	  outcomes)’.	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Figure	  59	  -­‐	  Taxonomy	  of	  knowledge	  transfer	  processes	  
(Spraggon,	  M.	  and	  Bodolica,	  V.,	  2012,	  p.1276)	  
	  
	  
	  
	  
Figure	  60	  -­‐	  Idiosyncrasies	  of	  process	  categories	  
(Spraggon,	  M.	  and	  Bodolica,	  V.,	  2012,	  p.1277)	  
	  
	  
The	  focus	  of	  Spraggon	  and	  Bodolica’s	  work	  was	  to	  create	  a	  framework	  or	  taxonomy	  
for	  knowledge	  transfer	  within	  organisations,	  but	  as	  well	  as	  this,	  it	  was	  proposed	  that	  
this	  taxonomy	  could	  help	  in	  academia:	  “The	  advanced	  taxonomy	  can	  help	  academics	  
to	  unify	  the	  various	  streams	  of	  inquiry	  by	  providing	  a	  compelling	  theoretical	  platform	  
for	  a	  more	  fine-­‐grained	  description	  of	  multifaceted	  knowledge	  transfer	  dynamics	  that	  
occur	  in	  corporate	  settings”	  (Spraggon,	  M.	  and	  Bodolica,	  V.,	  2012,	  p.1274).	  Spraggon	  
and	  Bodolica	  wanted	  their	  work	  to	  “contribute	  to	  the	  literature	  by	  concentrating	  on	  
processes	   that	   take	  place	  within	   the	  organisation”	   (Spraggon,	  M.	   and	  Bodolica,	  V.,	  
2012,	   p.1274)	   and	   believed	   that	   “Decision	   makers	   could	   benefit	   more	   from	   an	  
integrated	  taxonomy	  that	  recognizes	  knowledge	  barriers	  along	  with	  the	  peculiarities	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of	   communication	   channels	   and	   their	   compatibility	  with	   the	   specific	   dimensions	   of	  
knowledge	  to	  be	  mobilized”	  (Spraggon,	  M.	  and	  Bodolica,	  V.,	  2012,	  p.1275).	  
	  
Spraggon	   and	   Bodolica	   defined	   and	   compared	   the	   process	   categories	   by	   the	  
category	   idiosyncrasies,	   with	   ‘knowledge	   dimensions’	   and	   ‘communication	  
attributes’	  (Figure	  61),	  and	  also	  ‘dominant	  barriers’	  and	  ‘expected	  outcomes’	  (Figure	  
62).	  	  
	  
	  
	  
Figure	  61	  -­‐	  Knowledge	  dimensions	  and	  communication	  attributes	  of	  process	  
categories	  
(Spraggon,	  M.	  and	  Bodolica,	  V.,	  2012,	  p.1278)	  
	  
	  
	  
Figure	  62	  -­‐	  Dominant	  barriers	  and	  expected	  outcomes	  of	  process	  categories	  
(Spraggon,	  M.	  and	  Bodolica,	  V.,	  2012,	  p.1279)	  
	  
	  
After	  review	  and	  study	  of	  the	  work	  of	  Spraggon	  and	  Bodolica,	  it	  was	  determined	  the	  
most	  suitable	  knowledge	  transfer	  for	  the	  topic	  of	  the	  knowledge	  transfer	  of	  printed	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electronics	   technology	   to	   designers,	   the	  most	   suitable	   knowledge	   transfer	   process	  
would	  be	   ‘static	   virtual	   processes’.	  A	   table	   (see	  Appendix	  3:	   Table	  of	   Static	  Virtual	  
Processes	   and	   why	   they	   are	   appropriate	   for	   the	   knowledge	   transfer	   of	   printed	  
electronics	   technology	   to	  designers)	   has	  been	   created	  using	   the	  work	  of	   Spraggon	  
and	   Bodolica	   (Spraggon,	   M.	   and	   Bodolica,	   V.,	   2012),	   and	   then	   the	   researcher’s	  
reasons	   behind	   why	   static	   virtual	   is	   appropriate	   for	   the	   knowledge	   transfer	   of	  
printed	  electronics	  technology	  to	  designers	  (informed	  by	  previous	  literature).	  	  
	  
	  
	  
2.6.4	  Utilising	  new	  technology	  in	  design	  education	  
	  
McCardle	  and	  Kirkham’s	  work	  on	  ‘the	  challenge	  of	  utilising	  new	  technology	  in	  design	  
education’	   (McCardle,	   J.	   and	  Kirkham,	  C.,	   2000)	   recognises	   and	  examines	   a	   few	  of	  
the	   “many	   problems	   and	   issues	   associated	   with	   integrating	   new	   and	   developing	  
technologies	  in	  the	  design	  of	  products”	  and	  how	  the	  constant	  advance	  of	  technology	  
is	   a	   challenge	   to	   keep	   track	   of,	   and	   utilise	   its	   advantages,	   for	   both	   educators	   and	  
commercial	   designers.	   A	   particular	   concern	   was	   “how	   focussed	   areas	   of	   applied	  
technology	  can	  be	  made	  a	  part	  of	  the	  multidisciplinary	  scope	  of	  design	  education”.	  
	  
When	  presenting	  new	  technology	  in	  undergraduate	  design	  education,	  McCardle	  and	  
Kirkham	  (when	  discussing	  the	  topic	  ‘artificial	  intelligence	  (AI)’)	  provide	  an	  example	  of	  
the	  “successful	   interaction	  of	   research	  and	  education	  within	  a	  UK	  higher	  education	  
institution.	   It	   highlights	   that,	   through	   selective	   tuition	   of	   research	   topics	   and	  
appropriate	   technical	   support,	   innovative	   design	   solutions	   can	   result”,	   this	   work	  
suggests	   implementing	   it	   in	  two	  final	  year	  optional	  modules	  over	  two	  semesters	  of	  
thirteen	  weeks	  duration.	  Also,	  to	  restrict	  contact	  time	  to	  “3	  hours	  per	  week	  including	  
lectures	  and	  tutorials”	   (McCardle,	   J.	  and	  Kirkham,	  C.,	  2000,	  p.124).	  The	  content	   for	  
the	  two	  modules/course	  structure	  are	  outlined	  below:	  	  
	  
• The	   first	  module	   (in	   the	   first	   semester)	   to	   provide	   an	  overall	   foundation	   in	  
the	  subject	  area,	  for	  the	  students	  to	  understand	  ‘how’	  to	  incorporate	  it	  into	  
product	   design,	   a	   basic	   understanding	   of	   the	   history	   and	   impact	   of	   the	  
technology	  in	  design,	  and	  an	  appreciation	  of	  the	  technology’s	  strengths	  and	  
weaknesses.	  
	  
• The	   second	   module	   (in	   the	   second	   semester)	   to	   focus	   on	   practical	   based	  
applications,	   undertaking	   real	   world	   projects,	   aiming	   for	   the	   students	   to	  
identify	  suitable	  technology	  for	  specific	  application	  problems	  and	  be	  familiar	  
with	  the	  design	  and	  application	  guidelines.	  The	  student	  should	  also	  be	  aware	  
of	  the	  technical	  limitations	  and	  lead	  times	  for	  developing	  solutions.	  
Ø During	   the	   second	   semester,	   during	   the	   main	   project,	  
postgraduate	   researchers	   provided	   appropriate	   support	   for	  
tutorials	  and	  consultancy.	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However,	   when	   preparing	   such	   a	   course,	   it	   is	   always	   important	   to	   determine	  
“appropriate	   goals	   for	   the	   assessments,	   ensuring	   that	   the	   course	   supplements	   the	  
student’s	  design	  degree,	  and	  that	  the	  students	  can	  put	  their	  knowledge	  into	  practice	  
in	   the	   real	   and	   commercial	   world”.	   Another	   area	   to	   consider	   when	   preparing	   a	  
course	   is	  that	  no	  previous	  experiences	  or	  knowledge	  on	  the	  technology	   is	  required	  
(McCardle,	  J.	  and	  Kirkham,	  C.,	  2000).	  	  
	  
The	   assessment	   procedure	   within	   such	   a	   course,	   is	   described	   as	   “a	   complicated	  
mechanism”	   by	   McCardle	   and	   Kirkham;	   they	   suggest	   that	   it	   relies	   upon	   the	  
“feedback	  from	  students,	   industry,	   the	  department,	  and	  arbitrary	  measures	  against	  
personal	  goals”	  this	  is	  as	  it	  contains	  “cutting	  edge	  and	  often	  underdeveloped	  subject	  
matter”.	  The	  students	  were	  encouraged	  to	  learn	  through	  “their	  experimentation	  and	  
mistakes,	  and	  to	  realise	  their	  analytical	  abilities	  to	  problem	  solving”,	  by	  identifying	  a	  
suitable	   methodology	   to	   solve	   a	   given	   problem	   using	   the	   technology	   in	   product	  
design	   development	   and	   innovation.	   This	   is	   considered	   an	   important	   part	   of	   the	  
learning	  process.	  With	  these	  criteria,	  they	  describe	  “credit	   is	  gained	  for	  the	  process	  
of	  deriving	  a	  solution	  together	  with	   the	  evaluation	  of	   results,	  and	  not	  based	  purely	  
the	  success	  of	  the	  final	  outcome”.	  For	  the	  final	  year	  major	  design	  project,	  McCardle	  
and	   Kirkham	   state	   more	   recent	   approaches	   with	   students	   having	   two	   different	  
options:	  	  
“pre-­‐determined	  ideas	  have	  been	  supplied	  from	  which	  a	  student	  must	  choose	  
(each	  of	  which	  has	  its	  own	  intricate	  and	  individual	  problems	  to	  overcome)	  and	  
personal	  projects	  can	  only	  be	  undertaken	  if	  the	  supervisor	  is	  satisfied	  that	  the	  
proposal	   is	   feasible	   given	   the	   imposed	   constraints	   of	   time	   and	   resources”	  
(McCardle,	  J.	  and	  Kirkham,	  C.,	  2000,	  p.	  125).	  
	  
McCardle	   and	   Kirkham	   believe	   that	   by	   introducing	   both	   leading	   edge	   and	  
underdeveloped	   technology	   that	   “specific	   key	   skills	   of	   independent	   learning,	  
communication	  and	  research	  methods	  can	  be	  encouraged”;	  also	  that	  some	  research	  
institutions	   acknowledge	   that	   “education	   plays	   a	   major	   role	   in	   defining	   and	  
advancing	   certain	   technologies	   adopted	   within	   industry	   as	   students	   of	   today	   are	  
potentially	   the	   end	  users	   and	  developers	  of	   tomorrow’s	   technology.	   It	   is	   envisaged	  
that	  the	  accelerated	  developments	  can	  be	  achieved	  by	  introducing	  research-­‐derived	  
concepts	   at	   an	   early	   stage	   in	   a	   student’s	   education”.	  McCardle	   and	   Kirkham	   state	  
that	  it	  is	  believed	  by	  “exposing	  students	  to	  cutting	  edge	  technology,	  its	  foundations,	  
uses	  and	  development,	  can	  stimulate	  and	  yield	  innovative,	  technologically	  advanced	  
design	  solutions	  to	  real	  problems”.	  
	  
A	   common	   historical	   problem	   with	   most	   technology’s	   methodologies	   is	   the	  
“excessive	  claims	  made	  about	  their	  capabilities”	  which	  often	  leads	  to	  the	  belief	  that	  
the	   technology	   will	   solve	   all	   problems.	   With	   this	   unrealistic	   expectation	   of	   a	  
technology,	  over	  the	  years	  the	  technology’s	  limitations	  become	  more	  evident	  which	  
results	   in	   “increased	   scepticism	   from	   many	   industrial	   sectors	   about	   their	   use”.	  
McCardle	   and	   Kirkham	   state	   that	   the	   ‘reality’	   is	   that	   “methodologies	   are	   enabling	  
technologies	   which,	   in	   a	   design	   environment,	   can	   help	   to	   provide	   design	  
improvements	  as	  well	  as	  complete	  solutions	  and	  stimulate	  innovation”.	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To	   conclude	  McCardle	   and	   Kirkham’s	  work,	   they	   state	   “the	   rapid	   advancement	   of	  
technology	  means	   the	  dissemination	  of	   research	   to	  undergraduate	   students	   should	  
be	  a	  natural	  and	  valuable	  part	  of	  the	  design	  education	  process.	  In	  addition,	  involving	  
the	   student	   in	  active	   research	  activities	   can	   further	  enhance	  key	   skills	  and	   increase	  
self-­‐efficacy”	  (McCardle,	  J.	  and	  Kirkham,	  C.,	  2000,	  p.126).	  
	  
	  
In	   the	  work	  of	  Cober	  et	   al	   (Cober,	  R.,	   et	   al.,	   2015)	  on	   teachers	  being	  participatory	  
designers	  in	  the	  design	  of	  technology-­‐enhanced	  learning	  environments,	  in	  which	  two	  
case	   studies	  were	   undergone	   and	   evaluated.	   Case	   study	   1	  was	   in	   Canada	   and	   the	  
two	   teachers	   who	   participated	   suggested	   “new	   design	   features,	   introducing	  
pedagogical	   requirements,	   and	   providing	   feedback	   on	   prototypes	   or	   design	   ideas”.	  
Case	   study	   2	   was	   in	   Singapore,	   the	   six	   teachers	   who	   participated	   suggested	  
“theorizing	   and	   bridging	   knowledge	   building	   principles,	   collaborative	   prototyping,	  
contextual	   inquiry	   of	   activity	   relevance	   and	   activity	   execution,	   and	   collaborative	  
evaluation	  of	  technology	  integration”.	  From	  both	  case	  studies,	  Cober	  et	  al	  conclude	  
that	  “teachers	  contribute	  to	  the	  design	  process	  by	  engaging	  in	  theoretical	  discussion,	  
active	  participation	  in	  a	  design	  partnership,	  reflection	  about	  pedagogy	  and	  practice,	  
and	  experimenting	  with	  enactment.	  Conditions	  that	  support	  teachers	  include	  support	  
in	  emergent	  processes	  and	  an	  atmosphere	  of	   trust	  and	   inclusion”.	  Cober	  et	   al	   also	  
support	   the	   idea	   of	   continued	   dialogue	   between	   teachers	   and	   researchers	   to	  
“progress	   toward	   cultivating	   productive	   design	   environments”	   as	   teachers	   bring	  
“unique	   and	   valuable	   perspectives	   on	   the	   role	   of	   technology	   in	   education”	   and	   so	  
should	  be	  engaged	  in	  the	  participatory	  design	  process	  (Cober,	  R.,	  et	  al.,	  2015).	  	  
	  
	  
Johnson	   (Johnson,	   H.,	   1967)	   believed	   that	   when	   educating	   students	   about	   new	  
technology,	   between	   teacher	   and	   student,	   the	   learning	   process	   contains	   three	  
different	   levels:	   ‘technical	   competence’	   where	   the	   student	   “learns	   to	  master	   new	  
knowledge	   and	   ideas	   in	   depth”	  with	   the	   ability	   to	   then	   use	   facts	   and	   concepts	   as	  
their	   own,	   where	   they	   did	   not	   before;	   ‘decision	   making’	   the	   ability	   to	   achieve	  
“effective	  application	  and	  extension	  of	  knowledge”;	  and	  ‘personal	  responsibility	  and	  
contribution	  to	  society’	  as	  the	  students	  need	  to	  know	  that	  “they	  have	  a	  contribution	  
to	  make	   if	   the	   society	   is	   to	   improve”.	   Also,	   that	  without	   this	   balance	   as	   a	   diverse	  
society,	   it	   is	   possible	   that	   “educated	   people	   run	   the	   risk	   of	   serving	   the	   technology	  
that	  was	  meant	  to	  serve	  their	  human	  needs”	  (Johnson,	  H.,	  1967,	  p.101).	  	  
	  
	  
In	  different	   subject	  areas,	   such	  as	   the	   recent	  work	  of	  Kuure	  et	  al	   (Kuure,	   L.,	  et	  al.,	  
2015)	   on	   ‘language	   learning/education’	   the	   implementation	   of	   new	   technologies	  
within	   the	   educational	   environment,	   and	   designing	   new	   educational	   approaches	  
with	   it	   has	   proven	   to	   be	   a	   challenge,	   with	   the	   technology	   only	   acting	   as	   “an	  
enhancement	   for	  accustomed	  practices”	  playing	  a	   fairly	  minor	   role	   rather	   than	  “an	  
object	  for	  innovation	  and	  design”	  (Kuure,	  L.,	  et	  al.,	  2015).	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2.6.5	   Educating	   designers	   about	   conventional	  
electronics	  
	  
	  
2.6.5.1	  Designers’	  existing	  exposure	  to	  electronics	  
	  
A	  designer’s	  existing	  knowledge	  or	  exposure	  to	  electronics	  may	  be	  fairly	  minimal	   if	  
they	  have	  only	  ever	  had	  experience	  with	  electronics	  through	  classes	  such	  as	  science.	  
The	   term	   ‘electronics’	   can	   also	   have	   a	   different	   meaning	   depending	   on	   the	  
individual’s	   background,	   as	   Storey	   discussed:	   the	   word	   ‘electronics’	   is	   often	   in	  
relation	   to	   and	   referred	   to	   as	   ‘electronic	   systems’	   or	   ‘electrical	   circuits	   and	  
components’,	   the	   ‘electronic’	   or	   ‘electrical’	   term	   in	   this	   context	   is	   related	   to	  using	  
electrical	   energy.	   However,	   ‘electronic’	   implies	   circuits,	   which	   use	   sophisticated	  
components	   e.g.	   integrated	   circuits	   or	   transistors;	   whereas	   ‘electrical’	   refers	   to	  
circuits	   that	   only	   use	   passive	   simple	   components	   e.g.	   capacitors,	   resistors	   and	  
inductors.	   Engineers,	   however,	   often	   use	   these	   terms	   slightly	   differently,	   with	  
‘electrical’	  describing	  applications	  that	  are	  associated	  with	  transmission,	  generation	  
or	  use	  of	  large	  amounts	  of	  electrical	  energy,	  but	  ‘electronic’	  is	  used	  when	  describing	  
an	  application	  associated	  with	  smaller	  amounts	  of	  power,	  in	  the	  context	  of	  electrical	  
energy	   being	   used	   to	   convey	   information	   as	   opposed	   to	   being	   used	   as	   a	   power	  
source	  (Storey,	  2013,	  p.3).	  
	  
Designers	   may	   have	   been	   taught	   about	   the	   fundamentals	   of	   electronics,	   which	  
consists	  of	  the	  areas:	  atoms,	  electric	  charge,	  voltage,	  current,	  resistance,	  the	  electric	  
circuit,	  and	  basic	  circuit	  measurements.	  Atoms	  are	  the	  building	  blocks	  of	  all	  matter.	  
An	   atom’s	   structure	   (Figure	   63)	   consists	   of:	   the	   nucleus	   which	   has	   both	   protons	  
(positively	  charged	  particles)	  and	  neutrons	  (uncharged	  particles).	  Electrons	  orbit	  the	  
nucleus	  and	  are	  the	  basic	  particles	  of	  negative	  charge.	  Each	  element	  is	  distinguished	  
by	  the	  number	  of	  protons	  within	  its	  atom.	  Within	  an	  atom,	  it	  is	  the	  configuration	  of	  
certain	  electrons	  which	  determine	  how	  well	  a	  material	  conducts	  electric	  current.	  In	  
an	  atom,	  valence	  electrons	  are	  electrons	  that	  are	  in	  farther	  orbits	  from	  the	  nucleus,	  
these	   are	   less	   tightly	   bound	   to	   the	   atom	   and	   have	   higher	   energy	   than	   those	   that	  
orbit	  closer	  to	  the	  nucleus.	  Valence	  electrons	  determine	  the	  electrical	  properties	  of	  a	  
material	   as	   they	   bond	   within	   a	   materials’	   structure	   and	   contribute	   to	   chemical	  
reactions	  (Floyd	  and	  Buchla,	  2010,	  pp.	  25-­‐26).	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Figure	  63	  -­‐	  The	  structure	  of	  an	  atom	  showing	  electrons	  in	  circular	  orbits	  around	  the	  
nucleus.	  The	  ‘tails’	  on	  the	  electrons	  indicate	  they	  are	  moving	  
	  
In	  relation	  to	  this,	  designers	  may	  also	  know	  about	  the	  three	  categories	  of	  materials	  
used	   in	   electronics:	   conductors,	   semiconductors,	   and	   insulators.	   Conductors	   are	  
materials	  that	  allow	  current	  readily	  due	  to	  their	  large	  number	  of	  free	  electrons;	  they	  
have	  between	  one	  and	  three	  valence	  electrons	  in	  their	  atomic	  structure.	  Metals	  are	  
good	  conductors,	  the	  best	  being	  silver,	  and	  the	  next	  is	  copper.	  Due	  to	  its	  lower	  cost,	  
copper	   is	   used	   most	   widely	   as	   a	   conductive	   material	   and	   is	   commonly	   used	   in	  
electric	   circuits	   as	   a	   conductor	   in	   the	   form	   of	   copper	   wire.	   Semiconductors	   have	  
fewer	   free	   electrons	   and	   therefore	   have	   a	   lesser	   ability	   to	   carry	   current	   in	  
comparison	   to	   conductors;	   in	   their	   atomic	   structure	   they	   have	   four	   valence	  
electrons.	   Common	   semi	   conductive	  materials	   are	   germanium	   and	   silicon.	   Due	   to	  
their	   unique	   characteristics,	   they	   are	   often	   used	   as	   the	   basis	   for	   many	   electronic	  
devices	  such	  as	  the	  integrated	  circuit,	  diode,	  and	  transistor.	  Insulators	  have	  no	  free	  
electrons	   and	   their	   valence	   electrons	   are	   not	   considered	   to	   be	   ‘free’	   as	   they	   are	  
bound	  to	  the	  nucleus.	  Insulator	  materials	  are	  used	  to	  prevent	  electric	  current	  where	  
it	  is	  not	  wanted	  as	  they	  are	  non-­‐metallic	  and	  are	  poor	  conductors	  of	  electric	  current.	  
Materials	   often	   used	   as	   insulators	   in	   electrical	   and	   electronic	   applications	   are	  
compounds	   such	   as	   porcelain,	   polyethylene,	   Teflon,	   and	   glass	   (Floyd	   and	   Buchla,	  
2010,	  p.	  28).	  
	  
Designers	  may	  also	  have	  a	  basic	  knowledge	  of	  electrical	  concepts	  such	  as:	  electrical	  
charge,	  voltage,	  current,	  and	  resistance	  as	  these	  are	  important	  when	  learning	  about	  
creating	  electric	  circuits	  and	  recording	  basic	  circuit	  measurements.	  Electrical	  charge	  
can	  be	  described	  as	   the	  existence	  of	   an	  excess	  of	   electrons	  within	   a	  material,	   this	  
creates	  a	  net	  negative	  electrical	  charge.	  A	  net	  positive	  electrical	  charge	  exists	  when	  a	  
deficiency	   of	   electrons	   is	   present.	   Electrical	   charge	   is	   the	   electrical	   property	   of	  
matter	   that	   exists	   due	   to	   the	   excess	   or	   deficiency	   of	   electrons.	   The	   concept	   of	  
voltage	   can	  be	  described	  as	   the	   force	  of	   attraction	   that	  exists	  between	  a	  negative	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and	  positive	  charge.	  To	  overcome	  this	  force,	  an	  amount	  of	  energy	  must	  be	  exerted	  in	  
the	  form	  of	  work	  to	  move	  the	  charges	  a	  given	  distance	  apart.	  Due	  to	  the	  separation	  
between	  them,	  a	  certain	  potential	  energy	  is	  possessed	  by	  all	  opposite	  charges.	  The	  
potential	  energy	  difference	  of	  the	  charges	  is	  the	  potential	  difference	  or	  the	  voltage.	  
Voltage	  is	  what	  establishes	  current;	  it	  is	  the	  driving	  force	  in	  electric	  circuits.	  Current	  
is	  described	  as	  the	  movement	  of	  electrons,	  and	  therefore	  results	  in	  work	  being	  done	  
in	  an	  electric	  circuit.	  The	  electrons	  energy	  is	  provided	  by	  voltage	  which	  allows	  them	  
to	  move	  through	  a	  circuit	  (Floyd	  and	  Buchla,	  2010,	  p.28,	  31,	  37);	  this	  concept	  can	  be	  
visually	  represented	  such	  as	  in	  the	  image	  below	  (Figure	  64).	  
	  
	  
Figure	  64	  -­‐	  Illustration	  of	  1	  A	  of	  current	  (1	  C/s)	  in	  a	  material	  
	  
Resistance	   is	  often	  described	  as	   the	  occasional	   collisions	  of	   free	  electrons	   (moving	  
through	  a	  material	  due	  to	  current)	  with	  atoms	  within	  a	  material.	  The	  electrons	  lose	  
some	   of	   their	   energy	   due	   to	   these	   collisions,	   and	   so	   their	   movement	   becomes	  
restricted.	   Higher	   amount	   of	   collisions	   restricts	   the	   flow	   of	   electrons.	   The	   type	   of	  
material	  determines	  the	  variation	  of	  restriction.	  Within	  a	  material,	  the	  property	  that	  
restricts	  a	  flow	  of	  electrons	  is	  called	  ‘resistance’,	  which	  is	  the	  opposition	  to	  current.	  
Teaching	   designers	   about	   electric	   circuits	   can	   help	   to	   link	   the	   relevance	   of	   these	  
electrical	   concepts	   and	   components:	   a	   basic	   electric	   circuit	   is	   the	   arrangement	   of	  
physical	   components	   that	   use	   current,	   resistance,	   and	   voltage	   to	   perform	   useful	  
function.	   It	  consists	  of	  a	  source	  of	  voltage,	  a	   load,	  and	  a	  path	   for	  current	  between	  
the	   source	   and	   the	   load.	   “The	   load	   is	   a	   device	  which	  work	   is	   done	   by	   the	   current	  
through	   it”,	  circuit	  diagrams	  are	  often	   referred	   to	   in	  order	   to	  help	   students	  better	  
understand	   electrical	   concepts	   and	   flow	   of	   electrons,	   such	   as	   the	   graphically	  
illustrated	   diagram	   below	   (Figure	   65).	   Commonly	   required	   when	   working	   in	  
electronics	   is	   the	   ability	   to	   measure	   voltage,	   current,	   and	   resistance;	   different	  
instruments	   are	   used,	   to	   measure	   current	   a	   ‘ammeter’	   is	   needed,	   for	   voltage,	   a	  
‘voltmeter’,	  and	  resistance	  is	  a	  ‘ohmmeter’	  (Floyd,	  and	  Buchla,	  2010,	  p.	  40,	  48,	  55).	  
How	   to	  measure	   current,	   voltage,	   and	   resistance	  are	  often	  explained	  using	  both	  a	  
graphically	   illustrated	  diagram	  and	  a	  schematic	  diagram	  that	  uses	  symbols,	  such	  as	  
the	  illustrations	  below	  (Figure	  66,	  Figure	  67,	  and	  Figure	  68).	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Figure	  65	  -­‐	  A	  simple	  electric	  circuit	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Figure	  66	  -­‐	  Example	  of	  an	  ammeter	  connection	  to	  measure	  current	  in	  a	  simple	  circuit	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Figure	  67	  -­‐	  Example	  of	  a	  voltmeter	  connection	  to	  measure	  voltage	  in	  a	  simple	  circuit	  
	  
	  
	  
	  
Figure	  68	  -­‐	  Example	  of	  using	  an	  ohmmeter	  to	  measure	  resistance	  
	  
Designers	  may	  also	  be	  required	  to	  know	  about	  the	  key	  historical	  influential	  pieces	  of	  
electronic	  technology.	  Looking	  through	  history,	  one	  of	  the	  most	  influential	  pieces	  of	  
electronic	  technology	  was	  the	  radio.	  The	  first	  radiotelegraphy	  patent	  was	  applied	  for	  
by	  Marconi	  on	  2nd	  June	  1896,	  then	  granted	  on	  2nd	  July	  1897.	  On	  the	  20th	  July	  1897	  he	  
formed	  a	  company	  called	  ‘Wireless	  Telegraph	  and	  Signal	  Co.	  Ltd’;	  Marconi	  achieved	  
all	   this	   at	   not	   quite	   22	   years	   old,	   after	   newly	   arriving	   in	   London	   in	   February	   1896	  
from	   Italy	   (Suesskind,	   1970,	   pp.	   78-­‐83).	   Returning	   to	   Italy,	   he	   demonstrated	  
signalling,	   achieving	   a	   distance	   of	   20km	   between	   warships,	   put	   on	   show	   for	  
government	   observers	   at	   Spezzia	   in	   July	   1897.	   Connecting	   Bournemouth	  with	   the	  
Isle	  of	  Wight,	  a	  distance	  of	  22km,	  was	  the	  first	  established	  permanent	  installation.	  12	  
words	  per	  minute	  were	  sent	   reliably	  via	   telegraphic	  messages.	  After	  many	  patents	  
and	   advances	   from	   others	   and	   Marconi,	   he	   was	   always	   aiming	   for	   commercial	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exploitation,	   the	   first	   important	   radiotelegraphy	   commercial	   success	   came	   in	   a	  
related	  field	  instead,	  via	  marine	  communications.	  	  
	  
Melville	   Eastham	   helped	   to	   create	   and	   was	   highly	   influential	   on	   the	   modern	  
electronics	   industry.	   When	   he	   was	   born	   in	   1885,	   only	   the	   wealthiest	   individuals,	  
businesses	   and	   governments	   used	   the	   telegraph	   and	   telephone.	   However,	   when	  
Eastham	   died	   in	   1964,	   almost	   83%	   of	   U.S.	   homes	   had	   a	   telephone,	   radio	   images	  
were	  transmitted	  from	  the	  moon,	  and	  AT&T	  were	  demonstrating	  their	  picture	  phone	  
technologies	  and	  touch	  tone	  dialling	  at	  the	  New	  York	  World’s	  Fair	  (Electronic	  Design,	  
2010,	  p.	  64).	  His	  greatest	  long-­‐term	  contribution	  to	  the	  electronics	  industry	  was	  the	  
philosophy	  behind	  his	  company	  ‘General	  Radio’;	  focussing	  on	  radio-­‐related	  products,	  
in	   particular	   precision	   test	   instruments.	   He	   instituted	   a	   range	   of	   new	   employee	  
policies,	  aimed	  to	  boost	  worker	  performance	  and	  morale.	  Between	  1917	  and	  1919	  
he	   launched	   a	   profit-­‐sharing	   plan,	   life	   insurance	   policies,	   group	   insurance	   plans,	  
reducing	   working	   week	   hours,	   and	   increasing	   paid	   holidays.	   These	   ideas	   were	  
successful,	   leading	  to	  a	  prolific	  workforce	  and	  major	  advances	   in	  technology.	  Many	  
competitors	   soon	  adopted	   these	  approaches	  and	  his	  basic	  philosophy	  continues	   in	  
industry	  employee	  compensation	  packages	  today.	  
	  
	  
2.6.5.2	  Designers’	  difficulty	  understanding	  –	  new	  approaches	  to	  
electronics	  education	  
	  
In	   the	   education	   of	   design	   and	   technology	   (D&T)	   students	   about	   conventional	  
electronics,	   the	   work	   of	   Pulé	   and	   McCardle	   (Pulé,	   S.	   and	   McCardle,	   J.,	   2010)	  
discovered	   that	   the	   D&T	   students	   appeared	   to	   have	   difficulty	   with	   the	   “formal,	  
mathematical,	  analytical	  methods”	  of	  electronic	  circuit	  information	  they	  had	  known	  
of	   prior	   to	   the	   study,	   they	   felt	   that	   they	   were	   “pre-­‐conditioned	   by	   their	   previous	  
knowledge	  to	  visualise	  circuits	   in	  loops	  as	  in	  the	  typical	  text	  book	  schematics”.	  Pulé	  
and	   McCardle	   developed	   novel	   explanatory	   models	   of	   technological	   concepts	  
designed	   to	   “help	   students	   with	   visual	   learning	   styles	   achieve	   successful	  
comprehension	  in	  the	  field	  of	  electronics”.	  The	  models	  were	  based	  on	  seven	  design	  
rules;	   these	   were	   used	   for	   the	   planning	   and	   implementation	   of	   the	   electronics	  
teaching	  resources:	  
1. Adopt	   a	   spatial	   metaphor	   with	   loaded	   directions	   to	   stand	   for	   salient	  
parameters	  in	  circuits.	  
2. Schematise	  the	  circuit	  schematic.	  
3. Perceptually	  highlight	  salient	  points	  on	  the	  schematic	  and	  use	  analogues.	  
4. Use	  spatial	  symmetry	  when	  drawing	  circuit	  schematics.	  
5. Exploit	  the	  use	  of	  gesture.	  
6. Scaffold	  concepts.	  
7. Engage	  in	  interactivity.	  
	  
In	   their	   research,	   Pulé	   and	   McCardle	   (2010)	   found	   that	   “the	   use	   of	   gestures,	  
symmetry	   and	   attentional	   shifts	   seemed	   to	   help	   students	   retain	   the	   conceptual	  
knowledge	  of	  the	  electronic	  circuit	  better”	  when	  students	  are	  thinking	  about	  circuits	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qualitatively	  and	  to	  recall	  circuit	  dynamics.	  In	  their	  work	  an	  alternative	  topology	  for	  a	  
‘pull-­‐up’	   resistor	  was	   created	   using	   an	   animation	   (Figure	   69),	   which	  was	   found	   to	  
create	  “much	  less	  misconceptions	  with	  D&T	  students”	  of	  the	  abstract	  mental	  model.	  	  
	  
	  
Figure	  69	  -­‐	  An	  alternative	  topology	  for	  a	  ‘pull-­‐up’	  resistor	  (Frames	  of	  animation	  
shown	  left	  to	  right,	  1-­‐4)	  
(Pulé,	  S.	  and	  McCardle,	  J.,	  2010,	  p.30)	  
	  
	  
For	   successful	   teaching	   strategies,	   Pulé	   and	   McCardle	   state	   that	   more	   than	   one	  
design	   technique	   may	   need	   to	   be	   incorporated;	   also	   that	   “presenting	   a	  
comprehensive	  picture	  of	  the	  field	  of	  electronics	  may	  necessitate	  that	  qualitative	  and	  
formal	  analytic	  techniques	  complement	  each	  other”.	  They	  state	  that	  further	  research	  
is	   needed,	   but	   that	   “to	   produce	   interactive	   software	   animated	   and	   hardware	  
teaching	  resources	  for	  selected	  topics	  within	  the	  context	  of	  an	  electronics	  curriculum”	  
would	  be	  the	  overall	  aim,	  along	  with	  the	  continued	   investigation	  of	  methodologies	  
for	  the	  teaching	  of	  electronics	  and	  their	  effects	  on	  different	  types	  of	  learners	  (Pulé,	  
S.	  and	  McCardle,	  J.,	  2010,	  p.30).	  	  
	  
In	   the	  work	  of	  Bingham	  et	  al	   (Bingham,	  G.,	  et	  al.,	  2015)	  on	   teaching	  electronics	   to	  
design	   students	   via	   an	   integrated	   approach,	   the	   pedagogic	   differences	   between	  
engineering	  and	  design	  was	  outlined	  (Figure	  70).	  Product	  Design	  (PD)	  as	  an	  academic	  
subject	   is	   split	   into	   these	   two	   different	   approaches,	   with	   either	   an	   ‘engineering	  
emphasis’	  or	  a	   ‘design	  emphasis’	   in	   their	  educational	   approaches.	   “Product	  Design	  
Engineering	   (PDE)	   delivered	   by	   engineering	   faculties	   or	   departments	   has	   been	   the	  
engineering	  approach,	  while	  PD	  delivered	  by	  design	  faculties	  or	  schools	  has	  been	  the	  
industrial	  design	  approach”	  (Bingham,	  G.,	  et	  al.,	  2015,	  p.411),	  these	  differences	  and	  
interrelationship	  was	  visualised	  using	  a	  Venn	  diagram	  (Figure	  71).	  	  
	  
	  
Figure	  70	  -­‐	  Pedagogic	  differences	  between	  engineering	  and	  design	  
(Bingham,	  G.,	  et	  al.,	  2015,	  p.411)	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Figure	  71	  -­‐	  Interrelationships	  between	  engineering	  and	  design	  
(Bingham,	  G.,	  et	  al.,	  2015,	  p.412)	  
	  
	  
The	   work	   of	   Bingham	   et	   al	   addressed	   the	   research	   gap,	   ‘the	   engineering-­‐design	  
education	  of	   design	   students’,	   at	   Loughborough	  University	   examining	   the	   teaching	  
and	  learning	  of	  engineering	  design	  to	  design-­‐based	  students.	  In	  the	  work	  of	  Bingham	  
et	  al,	  two	  different	  subjects	  were	  introduced	  to	  the	  Product	  Design	  and	  Technology	  
(PDT)	   undergraduate	   programme:	   Mechanics,	   and	   Electronics;	   however,	   of	   these	  
two,	  the	  doctoral	  researcher	  has	  focussed	  on	  just	  the	  subject	  of	  ‘electronics’	  as	  this	  
subject	  is	  relevant	  to	  the	  research	  topic.	  	  
	  
The	  engineering-­‐based	  modules	  for	  the	  PDT	  programme	  in	  electronics	  are	  present	  in	  
all	   three	   levels:	   level	   one	   ‘Electronics	   for	   Design’	   provides	   an	   introduction	   to	   the	  
subject;	   level	   two	   ‘Further	   Electronics	   for	   Design’	   reinforces	   and	   furthers	   their	  
knowledge-­‐base;	  level	  three	  ‘Application	  of	  Electronics	  for	  Design’	  “provides	  further	  
knowledge	  but	  also	  promotes	  the	  application	  of	  knowledge	  acquired	  throughout	  all	  
three	   levels	   of	   study”.	   Design	   students	   have	   a	   different	   learning	   style	   to	   other	  
students	  (such	  as	  those	  based	  in	  engineering)	  as	  described	  by	  Bingham	  et	  al	  “design	  
students	   have	   a	   bias	   towards	   convergent	   and	   assimilation	   learning	   styles	   with	  
obvious	   characteristics	   of	   diverges	   and	   therefore	   benefit	   from	   applied	   learning	  
through	   application	   (active	   experimentation)”.	   The	   PDT	   programme	   in	   electronics	  
included	   Problem-­‐Based	   Learning	   (PBL)	   activities	   for	   designers	   to	   “improve	   the	  
learning	   experience	   and	   promote	   greater	   practical	   transference	   within	   the	  
programme”	  (Bingham,	  G.,	  et	  al.,	  2015,	  p.414).	  	  
	  
30	   PDT	   students	   participated	   in	   the	   research	   during	   the	   first	   semester	   of	   the	  
2012/2013	  academic	  year	  and	  were	  split	  into	  10	  student	  teams	  (Bingham,	  G.,	  et	  al.,	  
2015,	  p.	  420).	  When	  asked	  to	  put	  their	  knowledge	  of	  electronics	  into	  design	  practice	  
in	  teams,	  the	  product	  design	  students	  “struggled	  with	  the	  application	  of	  electronic-­‐
based	   knowledge	   and	   learning	   in	   the	   design	   of	   their	   embedded,	   intelligent	   control	  
system”,	  they	  felt	  “overwhelmed	  by	  the	  task,	  removed	  from	  their	  comfort	  zone	  and	  
experienced	  uncertainty	  through	  the	  lack	  of	  model	  answers	  and	  results”.	  The	  teams	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had	   difficulty	   translating	   from	   “theoretical	   to	   actual	   through	   a	   lack	   of	   practical	  
fabrication	   or	   workshop	   experience/skills”	   (Bingham,	   G.,	   et	   al.,	   2015,	   p.	   423),	  
however	  with	  weekly	  team	  tutorials	  to	  help	  direct	  the	  process	  and	  provide	  practical	  
advice.	  Feedback	  from	  the	  students	   indicated	  that	  the	  physical	  prototyping	  aspects	  
of	   the	   project	   were	   a	   crucial	   learning	   activity	   and	   provided	   them	   with	   practical	  
experience	  which	  could	  then	  be	  applied	   in	  related	  areas	  of	   their	   ‘Final-­‐Year	  Design	  
Practice’	  projects.	  	  
	  
When	   questioned	   at	   the	   end	   about	   if	   the	   project	   reinforced	   previous	   learning	   of	  
electronics,	   the	  product	  design	  students	  disagreed	  or	  provided	  a	  neutral	   response,	  
they	   questioned	   the	   “suitability	   of	   the	   electronics	   work	   and	   suggested	   this	   was	  
unrelated	  to	  the	  design	   industry”,	   the	  students	  also	  suggested	  that	  “the	  electronics	  
aspects	   of	   the	   project	   could	   be	   avoided	   in	   favour	   of	   the	   practical	   and	   workshop	  
aspects”	  within	  the	  group	  activity.	  In	  the	  context	  of	  previous	  learning	  of	  electronics,	  
the	   recurring	   themes	   identified	   by	   Bingham	   et	   al	   were	   “knowledge	   gap,	  
familiarisation/consolidation	  and	  physicality”	  (Bingham,	  G.,	  et	  al.,	  2015,	  p.	  427).	  
	  
The	   product	   design	   students	   were	   also	   questioned	   if	   they	   felt	   more	   confident	   in	  
electronics,	   having	   completed	   the	   project;	   they	   disagreed	   or	   provided	   a	   neutral	  
response	   and	   identified	   that	   there	   was	   a	   knowledge	   gap,	   commenting	   that	   “the	  
previous	  learning	  using	  the	   lecture-­‐based	  curriculum	  was	  not	  directly	  beneficial	  and	  
require	   extensive	   relearning”,	   although	   they	   did	   appreciate	   the	   application	   of	  
electronics	  within	   the	   project.	   They	   suggested	   that	   the	   “academic	   support	   for	   the	  
project	   was	   insufficient	   and	   more	   was	   required	   for	   the	   application	   of	   theoretical	  
knowledge”.	  In	  contrast	  to	  this,	  the	  students	  expressed	  positive	  comments	  towards	  
the	  application	  of	  electronics	  “the	  greater	  appreciation	  of	  applying	  electronic	  theory	  
to	  real-­‐world	  objects	  and	  the	  design	  process”.	  The	  design	  students	  commented	  also	  
on	  “the	  level	  of	  understanding	  achieved	  through	  the	  application	  of	  electronics	  theory	  
to	   real-­‐world	   objects	   and	   the	   design	   process”.	   In	   the	   context	   of	   confidence	   in	  
electronics,	   the	   recurring	   themes	   identified	   by	   Bingham	   et	   al	   were	  
“familiarisation/consolidation,	  rehearsal/transference	  and	  avoidance”	  (Bingham,	  G.,	  
et	  al.,	  2015,	  p.	  428).	  
	  
Bingham	  et	  al	  state	  that	  “the	  project	  provided	  the	  students	  with	  an	  applied-­‐learning	  
experience	  using	  a	  PBL	  environment	  and	  incorporated	  the	  design	  context	  directly	  into	  
engineering-­‐based	  pedagogy,	  addressing	  the	  issues	  of	  transference”	  (Bingham,	  G.,	  et	  
al.,	  2015,	  p.	  429).	  It	  was	  concluded	  that	  “the	  result	  indicate	  that	  supplementing	  the	  
traditional	   lecture-­‐based	   approach	   with	   an	   integrated	   ‘design	   and	   make’	   project	  
vehicle,	   requiring	  the	  extensive	  application	  of	  engineering-­‐base	  knowledge,	  allowed	  
the	   key	   cognitive	   learning	   process	   of	   transference	   to	   be	   formally	   addressed.	   This	  
provides	  PD	  students	  with	  a	  richer	  and	  more	  beneficial	  learning	  experience	  and	  more	  
adequately	   prepared	   them	   for	   the	   changing	   expectations	   of	   industry	   and	   PD	  
employment”	  (Bingham,	  G.,	  et	  al.,	  2015,	  p.	  430).	  
	  
These	  electronics	  modules	  are	  incorporated	  into	  the	  product	  design	  and	  technology	  
(PDT)	  undergraduate	  programme	  structure	  as	  compulsory	  modules	  at	  Loughborough	  
University.	  Stated	  in	  the	  programme	  structure	  for	  the	  academic	  year	  2015/16:	  in	  the	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first	   year	   as	   ‘Electronics	   for	   Design	   -­‐	   DSA007’	   during	   semesters	   1	   and	   2	   with	   the	  
modular	   weight	   of	   10,	   in	   the	   second	   year	   as	   ‘Further	   Electronics	   for	   Design	   –	  
DSB007’	  during	  semesters	  1	  and	  2	  with	  the	  modular	  weight	  of	  15,	  and	   in	  the	  third	  
year	   as	   ‘Applications	   of	   Mechanics	   and	   Electronics	   for	   Design	   –	   DSC006’	   during	  
semester	  1	  with	  the	  modular	  weight	  of	  20	  (Loughborough	  University,	  2015).	  
	  
Important	  aspects	  to	  be	  taken	  forward	  from	  the	  work	  of	  Bingham	  et	  al	  (Bingham,	  G.,	  
et	   al.,	   2015)	   for	   the	   benefit	   of	   this	   research	   is	   the	   idea	   of	   three	   levels	   of	   study	  
addresses	   the	  gradual	   learning	  and	  understanding	  of	  a	  new	   topic,	  with	   the	   first	   to	  
provide	  an	  introduction	  to	  the	  topic,	  the	  second	  to	  reinforce	  their	  knowledge	  base,	  
and	   the	   third	   to	   provide	   further	   knowledge	   and	   to	   promote	   the	   application	   of	  
knowledge	  acquired	  throughout	  all	  three	  levels.	  The	  use	  of	  applied	  learning,	  such	  as	  
problem-­‐based	  learning	  (PBL),	  is	  a	  good	  method	  for	  designers	  to	  learn	  a	  new	  topic.	  
They	   need	   practical	   fabrication	   or	   workshop	   experience/skills	   to	   translate	  
‘theoretical’	   to	   ‘actual’;	   therefore	   electronics	   needs	   to	   be	   based	   in	   a	  
practical/workshop	  setting	  to	  engage	  designers.	  Designers	  respond	  positively	  to	  the	  
application	  of	  electronic	  theory	  to	  real-­‐world	  objects	  and	  the	  design	  process.	  Design	  
students	  appear	  motivated	  by	  the	  idea	  of	  real-­‐world	  objects	  and	  design.	  If	  they	  can	  
see	   the	   significance/importance	   of	   electronics	   within	   design,	   then	   designers	   will	  
appreciate	  and	  value	  this	  topic	  and	  knowledge,	  applying	  it	  within	  their	  designs.	  	  
	  
Therefore,	  a	  successful	  method	  of	  achieving	  transference	  of	  electronics	  to	  designers	  
can	  be	  put	  simply	  as:	  
	  
Applied-­‐learning	   experience	   (problem-­‐based	   learning)	   +	   incorporating	   the	   design	  
context	  directly	  into	  engineering-­‐based	  pedagogy	  =	  Transference	  
	  
	  
2.6.6	   Teaching	   children	   about	   electronics	   using	  
conductive	  ink	  
	  
In	   order	   to	   commercialise	   their	   conductive	   ink	   product,	   printed	   electronics	  
companies	  have	  appeared	  to	  split	  into	  two	  different	  sectors	  within	  their	  company	  to	  
appeal	   to	   two	   different	   markets:	   the	   ‘education/hobby’	   sector	   to	   appeal	   to	   the	  
maker	  community,	  DIY	  home	  projects	  and	  to	  educate	  children	  about	  electronics;	  and	  
the	  ‘industrial’	  sector	  for	  prototyping	  and	  mass	  production	  solutions	  where	  their	  inks	  
can	   be	   used	   in	   different	   printing	   processes	   (AgIC	   Inc.,	   2015;	   Electroninks,	   2016a;	  
Bare	  Conductive,	  2016;	  Novalia,	  2016).	  	  
	  
Resistor	  ink	  pens	  (in	  four	  different	  amounts	  of	  resistance:	  100	  ohm/cm,	  1k	  ohm/cm,	  
10k	   ohm/cm,	   and	   100k	   ohms/cm)	   have	   also	   been	   created	   (Electroninks,	   2016a)	  
following	   the	   development	   of	   ‘circuit	   scribe’	   which	   is	   an	   electronics	   kit	   with	  
conductive	  ink	  pens	  designed	  to	  teach	  school	  children	  electronics,	  in	  their	  kickstarter	  
campaign	  video,	  Electroninks	  also	  mentioned	  the	  possibility	  of	  developing	  insulator	  
pens	  to	  be	  used	  in	  these	  circuits	  (Electroninks,	  2014).	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The	   approaches	   from	   the	   companies	   to	   educate	   children	   on	   electronics	   vary.	  One	  
company	   offers	   a	   kit	   that	   includes	   already	   printed	   conductive	   ink	   touch	   sensor	  
stickers,	   along	   with	   conventional	   electronics	   (Novalia,	   2016).	   Another	   company	  
offers	   the	   individual	   products	   such	   as	   the	   conductive	   ink	   pens,	   circuit	   printer	   ink	  
cartridges,	   and	   special	   circuit	   paper	   to	   draw	   the	   circuits	   on,	   so	   the	   customer	   can	  
create	  their	  own	  projects	  using	  their	  own	  inkjet	  printer	  and	  by	  hand	  drawing	  circuits	  
with	  their	  children	  to	  teach	  them	  about	  electronic	  circuits;	  the	  company	  also	  offers	  a	  
circuit	  eraser	   in	   the	   form	  of	  a	  marker,	  so	   that	   the	  user	  can	  edit	   their	  circuits	   (AgIC	  
Inc.,	  2015).	  	  
	  
Two	   companies	   (Electroninks,	   2016a;	   Bare	   Conductive,	   2016)	   have	   actually	   taken	  
their	   products	   further	   to	   being	   at	   school	   education	   level	   and	   have	   developed	  
educational	  packs/kits	  aimed	  at	  schools,	  as	  well	  as	  home	  projects.	  The	  first	  company	  
(Electroninks,	   2016a)	   has	   aimed	   their	   product	   at	   school	   educators	   and	   it	   supports	  
the	  Science,	  Technology,	  Engineering,	  and	  Mathematics	   (STEM)	  education	  coalition	  
(STEM	   education	   coalition,	   2016),	   with	   part	   of	   the	   educational	   product	   being	   a	  
‘STEM	   education	   workbook’	   (see	   selected	   pages	   from	   the	   workbook:	   Appendix	   4:	  
Circuit	   Scribe	  STEM	  education	  workbook	  –	   selected	  pages	   (2-­‐7))	   to	  go	  with	   ‘circuit	  
scribe’	   (Electroninks,	   2014).	   Some	   of	   the	   maker	   kits	   for	   ‘circuit	   scribe’	   are	   for	  
children	  aged	  8	  years	  and	  above,	  but	  the	  classroom	  kits	  are	  aimed	  at	  children	  aged	  
13	  years	  and	  above;	  offering	  a	  ‘basic	  classroom	  kit’	  which	  is	  suitable	  for	  between	  10	  
and	  20	  students,	  or	  a	  ‘maker	  classroom	  kit’	  which	  is	  suitable	  for	  between	  10	  and	  32	  
students,	  or	  a	  different	  option	  being	  a	   ‘basic	  classroom	  rental	  kit’	  which	   is	  suitable	  
for	   between	   20	   and	   40	   students	   (Electroninks,	   2016a;	   Electroninks,	   2016b).	   The	  
second	  company	  (Bare	  Conductive,	  2016)	  has	  also	  aimed	  their	  product	  ‘flashing	  card	  
activity	  pack	  robot	  parade’	  (Figure	  72;	  Figure	  73)	  at	  school	  educators,	  but	  it	  supports	  
the	   Science,	   Technology,	   Engineering,	   Arts,	   and	   Mathematics	   or	   ‘STE(A)M’	  
education,	   which	   adds	   art	   and	   design	   into	   the	   equation,	   changing	   from	   STEM	   to	  
STEAM,	   it	   is	   tightly	   coupled	   with	   STEM	   subjects	   (STEM	   to	   STEAM,	   2016;	   STEAM	  
Education,	  2015);	  and	  their	  product	  supports	  the	  Design	  and	  Technology	  Curriculum.	  
They	  state	   that	   their	  product	   is	   suitable	   for	  children	  aged	  between	  6	  and	  16	  years	  
old	  (Bare	  Conductive,	  2016).	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Figure	  72	  -­‐	  Flashing	  card	  activity	  pack	  robot	  parade	  -­‐	  cards	  
(Bare	  Conductive,	  2016)	  
	  
	  
	  
Figure	  73	  -­‐Contents	  of	  the	  flashing	  card	  activity	  pack	  robot	  parade	  
(Bare	  Conductive,	  2016)	  
	  
	  
All	   of	   these	   printed	   electronics	   companies	   discussed	  within	   this	   section	   (AgIC	   Inc.,	  
2015;	   Electroninks,	   2016a;	   Bare	   Conductive,	   2016;	   Novalia,	   2016)	   who	   have	  
commercialised	   their	   conductive	   ink	   product	   have	   all	   used	   their	   conductive	   ink	  
alongside	  conventional	  printed	  electronics.	  So	  although	  conductive	  ink	  is	  being	  used	  
to	   teach	   children	   about	   electronic	   circuits,	   in	  most	   cases	   it	   is	   not	   actually	   printed	  
using	  a	  printing	  process	  and	  so	  it	  is	  not	  actually	  printed	  electronics,	  it	  is	  applied	  to	  a	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paper	   substrate	   through	   hand	   drawing	   with	   a	   conductive	   ink	   pen,	   marker,	   or	  
painting	   it	   on	   in	   some	   way.	   The	   exceptions	   of	   this	   are	   where	   conductive	   ink	  
cartridges	  can	  be	  used	  within	  a	  customer’s	  personal	  inkjet	  printer	  for	  home	  projects	  
(AgIC	  Inc.,	  2015),	  and	  another	  is	  in	  the	  case	  where	  the	  printing	  process	  has	  already	  
been	  completed	  prior	  to	  the	  customer	  receiving	  the	  product	  within	  the	  touch	  sensor	  
stickers	  themselves	  (Novalia,	  2016).	  	  
	  
The	   companies’	   products	   are	   also	   presented	   to	   customers	   in	   the	   form	   of	   the	  
components’	   functions,	  such	  as	  conductive	   ink	  used	  to	  make	  or	  complete	  a	  circuit,	  
touch	  sensors,	  an	  output	  device	  on	  paper	  such	  as	  a	  speaker,	  to	  make	  an	  LED	  light	  up,	  
each	   conventional	   electronic	   modules’	   function	   such	   as	   how	   a	   photo	   sensor	   can	  
affect	  the	  brightness	  of	  an	  LED,	  as	  sound	  or	  Bluetooth	  platforms,	  and	  data	  capture	  
(AgIC	  Inc.,	  2015;	  Bare	  Conductive,	  2016;	  Electroninks,	  2016a;	  Novalia,	  2016).	  The	  kits	  
from	  companies	  often	  provide	  specific	  projects	  for	  children	  to	  do,	  such	  as	  making	  a	  
light-­‐up	  card	  (Bare	  Conductive,	  2016)	  or	  to	  teach	  them	  how	  circuits	  work	  and	  how	  
they	  can	  affect	  how	  components	  perform	  (Electroninks,	  2016a;	  AgIC	  Inc.,	  2015),	  but	  
on	  some	  of	  the	  companies’	  websites,	  they	  offer	  much	  more	  inspiration	  for	  customer	  
by	  displaying	  previous	  projects	  (AgIC	  Inc.,	  2015,	  Novalia,	  2016)	  and	  ‘sectors’	  that	  the	  
product	  could	  be	  applied	  in	  such	  as	  in	  magazines	  and	  for	  music	  (Novalia,	  2016).	  One	  
company	   has	   also	   created	   a	   section	   on	   their	   website	   where	   their	   customers	   can	  
make	   and	   share	   their	   creations	   through	   their	   own	   tutorials,	   creating	   more	   of	   a	  
maker	  community	  within	  their	  company	  (Bare	  Conductive,	  2016).	  	  
	  
	  
2.6.7	  Prototyping	  using	  printed	  electronics	  
	  
Printoo	  (Figure	  162)	  by	  Ynvisible	  is	  a	  printed	  electronics	  prototyping	  platform	  and	  it	  
is	  composed	  by	  various	  hardware	  modules	  that	  can	  all	  be	  connected	  to	  each	  other	  
(Printoo,	  2015).	  It	  appears	  to	  be	  aimed	  at	  the	  hobby	  or	  maker	  community;	  however,	  
designers	  could	  also	  find	  this	  useful	  if	  creating	  working	  electronic	  prototypes	  of	  their	  
product	   designs.	   It	   could	   appeal	   to	   designers	   as	   it	   is	   modular	   and	   easily	   slots	  
together,	  or	  by	  using	  a	  paper	  clip	  to	  attach	  a	  printed	  battery,	   it	   is	  easy	  to	  combine	  
different	   functions	  within	  a	  circuit,	  and	   it	   can	  be	  combined	  with	   things	   such	  as	  3D	  
printed	  models	  (Figure	  163,	  Figure	  74)	  and	  with	  mobile	  phone	  applications.	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Figure	  74	  –	  Printoo	  Solar	  powered	  3D	  printed	  hovercraft	  
(Ynvisible,	  2014)	  
	  
	  
An	  area	  of	  particular	  interest	  for	  designers	  would	  be	  that	  each	  module/component	  is	  
and	  can	  be	  seen	  as	  a	  different	  function	  for	  within	  a	  circuit	  or	  product	  design.	  With	  
Printoo,	   designers	   can	   begin	   to	   play	   more	   with	   form	   as	   the	   substrate	   for	   the	  
electronics	  is	  flexible	  (Figure	  75).	  However,	  it	  is	  still	  fairly	  technical,	  a	  designer	  would	  
need	  to	  know	  (if	  using	  Printoo)	  perhaps	  how	  to	  programme	  or	  code	  at	  a	  basic	  level	  
in	  order	  to	  create	  apps	  or	  even	  just	  to	  get	  a	  more	  complex	  circuit	  to	  work	  in	  order	  to	  
get	  it	  to	  do	  what	  they	  want	  it	  to	  do.	  	  
	  
	  
Figure	  75	  -­‐	  Printoo	  wraps	  around	  wrist	  
(Ynvisible,	  2014)	  
	  
	  
Printoo	   is	  fast	  to	  put	  together,	  but	  also	   limiting	  as	   it	  can	  be	  quite	  bulky	  when	  all	   is	  
fully	   assembled	   (Figure	   76).	   	   There	   are	   loads	   of	   square	  modules	   and	  with	   it	   using	  
conventional	   electronic	   components	   as	   well	   that	   populate	   the	   printed	   circuits	   it	  
would	  therefore	  not	  be	  very	  thin,	  flexible,	  and	  lightweight,	  which	  are	  (from	  a	  design	  
perspective)	  what	  the	  main	  benefits	  of	  printed	  electronics	  are.	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Figure	  76	  -­‐	  Printoo	  Slot-­‐together	  modules	  with	  paper-­‐thin	  electrochromic	  screen	  
(Ynvisible,	  2014)	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2.7	   Re-­‐analysing	   past	   case	   studies	   –	   printed	  
electronics	  previously	  presented	  to	  designers	  
	  
In	   this	   section,	   the	   researcher	   will	   re-­‐analyse	   secondary	   information	   based	  within	  
past	  case	  studies.	  To	  date	  (at	  the	  time	  of	  completing	  this	  research)	  there	  have	  been	  
only	  three	  published	  existing	  cases	  of	  where	  collaborative	  projects	  have	  taken	  place	  
where	  individuals	  (from	  industry	  and	  academia)	  have	  presented	  printed	  electronics	  
technology	   to	  design	   students	   (which	   took	  place	   in	  2013,	   2014,	   and	  2015).	  Within	  
the	   context	   of	   this	   research,	   these	   three	   separate	   collaborative	   projects	   will	   be	  
referred	   to	   as	   three	   separate	   ‘case	   studies’	   as	   the	   researcher	   will	   compare	   and	  
evaluate	   the	   projects	   to	   find	   any	   limitations	   and	   weaknesses	   of	   others’	   previous	  
approaches.	   The	   three	   ‘case	   studies’	   have	   been	   chosen	   as	   they	   offer	   different	  
perspectives	   on	   the	   technology	   (printed	   electronics),	   and	   how	   others	   have	  
previously	   presented	   it	   to	   designers	   using	   a	   driving	   brief,	   resulting	   in	   technology	  
driven	  design.	   This	  provides	   the	   researcher	  with	  an	   insight	  or	   an	  understanding	  of	  
how	   others	   have	   been	   successful	   (or	   not)	   in	   communicating	   the	   technology,	   and	  
identify	  methods	   to	  successfully	  communicate	   the	   technology	   in	   this	   research.	  The	  
findings	   of	   the	   ‘case	   studies’	   (discovering	   the	   limitations	   and	  weaknesses	   in	   these	  
‘case	   studies’)	   will	   then	   inform	   the	   next	   steps	   of	   this	   research	   and	   feed	   into	   the	  
creation	   of	   ‘new	   approaches’	   in	   this	   research	   study	   on	   the	   topic	   of	   presenting	  
printed	  electronics	  to	  designers.	  
	  
Robson	   quotes	   Hamkin’s	   (work	   in	   2000)	   definition	   of	   secondary	   data	   analysis	   as	  
being	   “any	   re-­‐analysis	   of	   data	   collected	   by	   another	   researcher	   or	   organisation”	  
(Robson,	   2011,	   p.358).	   Whilst	   all	   existing	   literature	   is	   secondary	   data,	   Robson	  
highlights	  its	  benefits	  in	  the	  ability	  to	  “capitalize	  on	  the	  efforts	  of	  others	  in	  collecting	  
the	  data…allowing	  you	  to	  concentrate	  on	  analysis	  and	  interpretation”	  (Robson,	  2011,	  
p.	   359)	   which	   is	   particularly	   useful	   with	   these	   three	   existing	   case	   studies/reports	  
specifically	   on	   presenting	   printed	   electronics	   technology	   to	   designers.	   Analysing	  
these	  are	  very	   important	  as	  observations	  can	  contribute	  towards	  decisions	  on	  how	  
to	   successfully	   communicate	   this	   technology	   to	   designers.	   Robson	   provides	  
examples	   of	   how	   others’	   work	   could	   be	   analysed	   and	   interpreted	   (Robson,	   2011,	  
p.359):	  
	  
• Re-­‐analysis	  of	  case	  study	  reports	  
• Additional	  analyses	  of	  case	  study,	  and	  other	  reports	  to	  extend	  or	  re-­‐assess	  the	  
findings	  of	  a	  main	  report	  
• Reuse	   of	   a	   single	   data	   set,	   either	   to	   replicate	   the	   original	   findings,	   or	   to	  
address	  different	  research	  questions	  
• Merging	  several	  years’	  data	   from	  a	   regular	  or	   repeated	  survey	   to	  achieve	  a	  
sufficiently	  large	  sample	  to	  study	  a	  subgroup	  in	  a	  population	  
• Using	  a	  single	  data	  set	  extended	  by	  the	  addition	  of	  data	  from	  other	  sources	  
• Using	  multiple	   data	   sets	   to	   provide	   an	   overall	   assessment	   of	   findings	   on	   a	  
topic	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Yin	  describes	  the	  importance	  of	  case	  study	  research,	  and	  discusses	  it	  simply	  as	  being	  
“like	  other	  methods,	  it	  is	  a	  way	  of	  investigating	  an	  empirical	  topic	  by	  following	  a	  set	  
of	   desired	   procedures”	   (Yin,	   2014,	   p.23).	   Yin	   over	   the	   years	   (from	   1981	   to	   2014)	  
developed	  a	  ‘twofold	  definition	  of	  case	  study’	  as	  a	  research	  method	  (Yin,	  2014,	  pp.	  
15-­‐17):	  
	  
1.	  A	  case	  study	  is	  an	  empirical	  inquiry	  that	  
• Investigates	  a	  contemporary	  phenomenon	  (the	  “case”)	  in	  depth	  and	  within	  its	  
real-­‐world	  context,	  especially	  when	  
• The	   boundaries	   between	   the	   phenomenon	   and	   context	   may	   not	   be	   clearly	  
evident	  
	  
2.	  A	  case	  study	  inquiry	  
• Copes	  with	   the	   technically	   distinctive	   situation	   in	  which	   there	  will	   be	  many	  
more	  variables	  of	  interest	  than	  data	  points,	  and	  as	  one	  result	  
• Relies	   on	  multiple	   sources	   of	   evidence,	  with	   data	   needing	   to	   converge	   in	   a	  
triangulating	  fashion,	  and	  as	  another	  result	  
• Benefits	   from	   prior	   development	   of	   theoretical	   propositions	   to	   guide	   data	  
collection	  and	  analysis	  
	  
This	   case	   study	   research	   will	   be	   used	   and	   provide	   part	   of	   a	   larger	   evaluation,	   as	  
described	  by	  Yin,	   this	  would	   include	  “one	  or	  more	  case	  studies”	   (Yin,	  2014,	  p.220).	  
The	  case	  studies	  offer	  an	  explanation	  of	  the	  relationship	  between	  an	  initiative	  and	  its	  
outcomes,	   “indicating	   how	   the	   initiative	   actually	   worked	   (or	   not)	   to	   produce	   the	  
relevant	  outcomes”	  (Yin,	  2014,	  p.221).	  Yin	  provides	  an	  example	  of	  case	  studies	  being	  
used	  as	  part	  of	  a	  larger	  evaluation	  covering	  an	  ‘innovative	  curriculum	  involving	  many	  
classrooms’	   using	   case	   studies	   to	   “examine	   the	   specific	   teaching	   and	   learning	  
processes	  in	  this	  smaller	  number	  of	  classrooms.	  In	  this	  manner,	  the	  case	  studies	  could	  
shed	  important	  light	  on	  the	  way	  that	  the	  innovative	  curriculum	  had	  worked	  (or	  not)”	  
(Yin,	  2014,	  p.221).	  
	  
Studying	  these	  three	  case	  studies	  help	  to	  shed	  light	  on	  the	  way	  that	  the	  knowledge	  
transfer	   of	   printed	   electronics	   to	   designers,	   in	   these	   three	   cases,	   had	   worked	   (or	  
not).	   The	   aims	   of	   these	   projects,	   from	   the	   point	   of	   view	  of	   individuals	   involved	   in	  
each	  of	  these	  projects,	  were	  to	  produce	  new	  designs	  for	  commercialisation.	  
	  
	  
2.7.1	   Case	   Study	   1	   –	   ‘Design	   students	   collaborate	  with	  
industry	  innovators’	  (2013)	  
	  
This	   project	   was	   published	   online	   on	   the	   3rd	   June	   2013	   (Northumbria	   University	  
Newcastle,	  2013a;	  Northumbria	  University	  Newcastle,	  2013b),	  and	  was	  last	  updated	  
on	   the	   4th	   June	   2013	   (CPI,	   2013b).	   ‘Design	   students	   collaborate	   with	   industry	  
innovators’	   was	   conducted	   by	   The	   Centre	   for	   Process	   Innovation	   (CPI)	   and	  
Northumbria	  University	  Newcastle.	  Northumbria	  University’s	  Postgraduate	  students	  
	   124	  
from	  MA	  Design	  and	  MA	  Design	  Management	  programmes	  (the	  number	  of	  students	  
who	   participated	   was	   not	   stated)	   were	   set	   the	   challenge	   to	   design	   for	   a	   new	  
technology	   called	   ‘printable	   electronics’,	   to	   promote	   the	   benefits	   of	   printable	  
electronics,	  and	  to	  identify	  where	  it	  could	  be	  used	  to	  improve	  and	  enhance	  everyday	  
consumer	  products	  (Northumbria	  University	  Newcastle,	  2013a).	  	  
	  
A	  statement	  in	  the	  publication	  about	  this	  technology	  was:	  “Printable	  electronics	  can	  
be	   used	   to	   embed	   sensing	   capabilities	   into	   products	  without	   using	  wires,	   enabling	  
touch	  sensitive	  switches	  and	  targeted	  bio-­‐sensing.	  The	  technology	  can	  also	  be	  used	  
to	   create	   low	   cost,	   thin,	   flexible	   and	   interactive	   printed	   displays	   and	   interactive	  
packaging”	  (Northumbria	  University	  Newcastle,	  2013a).	  The	  duration	  or	  structure	  of	  
the	  project	  was	  not	  stated	  in	  the	  publications.	  	  
	  
2.7.1.1	  Student	  designers’	  experience	  of	  the	  project	  
	  
In	   the	   published	   information	   on	   this	   project,	   there	   were	   no	   direct	   interviews	   or	  
opinions	   from	   the	   designers	   on	   their	   experience	   of	   the	   project;	   however,	   others	  
expressed	  their	  opinions	  on	  how	  the	  project	  had	  been	  a	  positive	  experience	  for	  the	  
designers.	  
	  
Dr	  Stuart	  English,	  the	  programme	  leader	  for	  MA	  Design	  and	  MA	  Design	  Management	  
said	  “We	  are	  delighted	  to	  be	  collaborating	  with	  the	  UK’s	  national	  centre	  for	  printable	  
electronics.	  Our	  students	  have	  used	  their	  creative	  thinking	  skills	  to	  innovate	  new	  and	  
valuable	  applications	  for	  this	  cutting-­‐edge	  technology.	  This	  is	  a	  great	  opportunity	  for	  
students	  to	  put	  their	  design	  knowledge	  into	  practice	  in	  a	  new	  and	  largely	  unexplored	  
field”	  (Northumbria	  University	  Newcastle,	  2013a).	  
	  
Alan	   McClelland,	   Commercial	   Manager	   at	   CPI	   said:	   “The	   work	   between	   CPI	   and	  
Northumbria	   University	   used	   design	   to	   show	   the	   potential	   benefits	   of	   an	   exciting	  
emerging	   technology	   area	   in	   printable	   electronics.	   The	   project	   really	   did	   bring	  
together	   the	   strengths	   and	   expertise	   of	   both	   organisations	   to	   create	   innovative	  
product	   concepts	   which	   not	   only	   have	   market	   demand	   but	   are	   also	   technology	  
viable”	  (Northumbria	  University	  Newcastle,	  2013a).	  
	  
2.7.1.2	  Stated	  ‘future	  work’	  from	  case	  study	  
	  
“Future	   work	   between	   CPI	   and	   Northumbria	   University	   Design	   will	   explore	   the	  
potential	   for	   digital	   fabrication	   techniques	   to	   develop	   prototypes	   and	   potential	  
manufacturing	  opportunities”	  (Northumbria	  University	  Newcastle,	  2013a).	  
	  
	  
	  
	   125	  
2.7.2	   Case	   Study	   2	   –	   ‘Enhancing	   creativity	   and	  
innovation	  in	  packaging	  design	  with	  printed	  electronics’	  
(2014)	  
	  
This	  project	  was	  published	  online	  on	  the	  24th	  September	  2014,	  and	  was	  last	  updated	  
on	  the	  13th	  October	  2014.	  ‘Enhancing	  Creativity	  and	  Innovation	  in	  Packaging	  Design	  
with	   Printed	   Electronics’	   was	   conducted	   by	   Crown	   Packaging,	   technology	   experts	  
from	   CPI,	   and	   Brunel	   University	   London.	   36	   postgraduate	   design,	   innovation	   and	  
branding	  students	  participated	  from	  Brunel	  University	  London	  (CPI,	  2014).	  
	  
A	   statement	   in	   publication	   on	   the	   thoughts	   about	   this	   technology	   and	   product	  
designers	  was:	  
“The	   integration	   of	   electronics	   with	   flexible	   form	   factors	   increases	   the	  
freedom	   for	  product	  designers	  and	  will	   lead	   to	   the	   creation	  of	  a	  number	  of	  
future	  interactive	  packaging	  applications	  that	  include	  lighting,	  sound,	  sensing	  
and	  near	  field	  communication	  in	  their	  make-­‐	  up”	  (CPI,	  2014).	  
	  
A	  later	  publication,	  on	  the	  21st	  May	  2015	  (Packaging	  Europe,	  2015),	  reporting	  on	  the	  
same	   project	   provided	   a	   much	   more	   detailed	   description	   of	   what	   the	   project	  
entailed.	   In	   the	   publication	   was	   a	   statement	   that	   read	   “it	   is	   predicted	   that	   the	  
demand	  for	  active	  and	  intelligent	  package	  will	  reach	  $3.5	  billion	  by	  2017”	  (Packaging	  
Europe,	  2015).	  
	  
The	  total	  duration	  of	  the	  project	  was	  approximately	  5	  months	  long	  according	  to	  the	  
stated	  structure	  of	  the	  project	  shown	  below	  (Packaging	  Europe,	  2015):	  
	  
Structure	  of	  the	  Project:	  
1. One	  month	  introduction	  
2. Visit	  to	  CPI	  
3. Students	  were	  under	  the	  guidance	  of	  Crown	  and	  their	  mentors	  for	  3	  months	  
to	  develop	  packaging	  concepts	  (deadline)	  
4. Students	  created	  presentation	  and	  storyboard	  for	  their	  ideas	  –	  presented	  to	  
Crown	  and	  CPI	  representatives	  for	  initial	  evaluation	  
Ø Students	  Gained	  Feedback	  
• Students	  made	  changes/alterations	  to	  their	  designs	  
5. Final	  deadline	  for	  submission	  of	  concepts	  
6. Final	  presentations	  one	  month	  later	  at	  Crown’s	  Innovation	  Centre	  
Ø First	   half	   of	   day	   –	   students	   showed	   their	   concepts	   to	   Crown’s	   R&D	  
team	  
Ø Crown	  staff	  used	  scorecards	  to	  evaluate	  them	  (See	  table	  ?	  for	  details)	  
Ø Second	   half	   of	   day	   –	   formal	   presentations	   of	   concepts	   to	   Crown’s	  
general	   management	   who	   also	   scored	   using	   scorecards	   (same	  
categories)	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Ø End	  of	  the	  day	  –	  two	  awards	  were	  presented:	  
§ Best	  overall	  idea	  
§ Best	  presentation	  
	  
2.7.2.1	  Student	  designers’	  experience	  of	  the	  project	  
	  
In	   this	  project’s	  publications,	   there	  were	  no	  direct	   interviews	  or	  opinions	   from	  the	  
designers,	  however	  others	  expressed	  their	  opinions	  on	  how	  the	  project	  had	  been	  a	  
positive	  experience	  for	  the	  designers.	  
	  
Stephen	   Green,	   the	   Programme	   Director	   at	   Brunel	   University	   London	   said	   “This	  
project	  has	  been	  a	  great	  example	  of	  the	  value	  of	  Industry-­‐University	  collaborations:	  
Our	   students	   have	   gained	   invaluable	   first-­‐hand	   experience	   of	   designing	   with	  
emerging	   technologies.	   Through	   Brunel,	   Crown	   and	   CPI	   have	   access	   to	   a	   powerful	  
resource	   for	   exploring	   new	   ideas	   and	   bringing	   these	   ideas	   to	   life	   to	   inspire	   further	  
product	  and	  system	  development”	  (CPI,	  2014).	  
	  
Dr	  Cormac	  Neeson,	  the	  Director	  of	  Exertnal	  Partnerships	  at	  Crown	  Technology	  said	  
“Crown	  was	  able	  to	  tap	  into	  the	  creativity	  and	  enthusiasm	  of	  the	  students,	  while	  also	  
helping	  in	  their	  development	  and	  understanding	  of	  printed	  electronics	  and	  packaging	  
manufacture	  and	  product	  design.	  We	  had	  some	  really	  great	  ideas,	  some	  of	  which	  we	  
are	  looking	  to	  develop	  further”	  (CPI,	  2014).	  
	  
Dr	   Alan	   McClelland,	   the	   Commercial	   Manager	   at	   CPI	   said	   that	   this	   collaboration	  
“demonstrates	   the	   importance	  of	   creative	   thinking	  and	  design	   in	   identifying	  where	  
printed	  electronics	  can	  provide	  real	  added	  value	  for	  future	  packaging	  concepts”	  (CPI,	  
2014).	  “The	  quality	  of	  the	  students’	  ideas	  was	  excellent,	  it	  is	  common	  for	  students	  to	  
focus	   solely	   on	   light	   or	   displays	   on	   packaging,	   but	   we	   were	   looking	   for	   design	  
innovation	   to	   show	   us	   applications	   where	   printed	   electronics	   could	   provide	  
sustainable	   benefits.	   This	   was	   something	   addressed	   in	   the	   concepts	   as	   well”	  
(Packaging	  Europe,	  2015).	  
	  
One	  of	  the	  statements	  published	  “Participants	  found	  that	  the	  challenge	  offered	  them	  
real	   consumer	   and	   industrial	   experience	   and	   combined	   both	   practical	   applications	  
and	  theoretical	  learnings”	  (Packaging	  Europe,	  2015)	  
	  
	  
In	   this	   project,	   the	   designers	   were	   under	   close	   guidance	   of	   their	   mentors	   and	   a	  
company	  for	  the	  first	  three	  months	  to	  develop	  concepts.	  To	  follow	  were	  a	  series	  of	  
presentations	   to	   evaluate	   the	   designs,	   followed	   by	   feedback,	   and	   the	  
changes/alterations	  to	  be	  made	  to	  their	  designs.	  	  
	  
This	  allowed	  for	  the	  project	  leaders	  to	  strongly	  influence	  the	  designs	  produce,	  which	  
may	  have	  made	  the	  designers	  feel	  very	  constricted	  with	  their	  creativity	  towards	  the	  
designs.	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2.7.2.2	  Stated	  ‘future	  work’	  from	  case	  study	  
	  
“Future	  work	  between	  CPI,	  Crown	  Packaging	  &	  Brunel	  University	  London	  will	  focus	  on	  
the	  scale	  up	  and	  development	  of	  these	  and	  other	  ideas,	  accelerating	  the	  concepts	  to	  
prototypes	  and	  turning	  them	  into	  real	  products”	  (CPI,	  2014).	  
	  
Alan	   McClelland,	   the	   Commercial	   Manager	   at	   CPI	   said	   “some	   of	   this	   exciting	  
technology	  is	  now	  viable	  and	  can	  be	  demonstrated	  in	  working	  prototypes,	  however,	  
the	  next	  challenge	  is	  developing	  the	  manufacturing	  processes	  to	  make	  these	  products	  
at	  high	  volumes”	  (CPI,	  2014).	  
	  
Crown	  are	  looking	  to	  commercialise	  a	  number	  of	  the	  designs,	  putting	  them	  on	  store	  
shelves	  in	  the	  future,	  also	  including	  (Packaging	  Europe,	  2015):	  
• Keep	  stock	  of	  beauty	  products	  
• Interactive	  sports	  packaging	  
• Tracking	  health	  
• Convenient	  infant	  formula	  
• The	  little	  drummer	  
	  
2.7.3	  Case	  Study	  3	  –	  ‘Demonstrating	  the	  power	  of	  large-­‐
area	  electronics’	  (2015)	  
	  
The	  project	  was	  published	  online	  on	  2nd	  July	  2015	  (Large-­‐Area	  Electronics,	  2015),	  this	  
project	  titled	  ‘Demonstrating	  the	  Power	  of	  Large-­‐Area	  Electronics’	  was	  conducted	  by	  
the	   EPSRC	   Centre	   for	   Innovative	   Manufacturing	   in	   Large-­‐Area	   Electronics	   (LAE).	  
Technology	   examples	   were	   provided	   by	   six	   industrial	   partners	   (Cambridge	   Display	  
Technology,	   CIT,	   FlexEnable,	  M-­‐SOLV,	   PragmatIC	   Printing,	   Printed	   Electronics),	   and	  
also	   working	   with	   the	   Centre	   for	   Process	   Innovation,	   part	   of	   the	   High	   Value	  
Manufacturing	  Catapult.	  
	  
48	   second-­‐year	  BA	   (Hons)	  Product	  Design	  students	  participated	   in	   the	  competition	  
from	  Central	  Saint	  Martins	  –	  University	  of	  the	  Arts	  London.	  	  
	  
The	  total	  duration	  of	  the	  project	  was	  3	  months	  long;	  concepts	  were	  presented	  to	  the	  
EPSRC	  Centre	  and	  the	  participating	  industrial	  partners	  at	  the	  end	  of	  March	  2015.	  	  
	  
2.7.3.1	  Student	  designers’	  experience	  of	  the	  project	  
	  
Hanako	   Zhang,	   winner	   of	   the	   competition,	   felt	   excited	   to	   work	   with	   the	   new	  
technologies	  “When	  we	  were	  all	  briefed	  on	   this	  project	  and	   took	   the	   technology	   in	  
our	  hands,	  I	  remember	  we	  were	  all	  amazed	  not	  only	  in	  its	  functionality,	  but	  also	  in	  its	  
lightness	  and	  beauty.	  So	   it	  was	  exciting	   to	   think	  about	  how	  this	   technology	  can	   tie	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together	   with	   design	   to	   create	   a	   new	   kind	   of	   aesthetic”	   (Large-­‐Area	   Electronics,	  
2015).	   Hanako	   added	   that	   the	   technology	   “has	   endless	   possibilities	   to	   change	  
people’s	  lives	  by	  simplifying	  things:	  what	  used	  to	  take	  more	  space	  or	  more	  time	  could	  
be	  minimised	  drastically	  –	  and	  working	  with	  something	  like	  that	  made	  it	  a	  valuable	  
learning	  experience”	  (Large-­‐Area	  Electronics,	  2015).	  
	  
A	  finalist	  in	  the	  competition,	  Qian	  Han	  reflected	  “this	  project	  opened	  a	  new	  door	  for	  
me…the	   [EPSRC	   Centre	   staff	   and	   industry	   partners]	   were	   very	   supportive.	   They	  
helped	  me	  to	  understand	  how	  the	  technology	  works	  and	  what	  are	  the	  available	  and	  
better	   [material]	   choices	   that	   I	   can	   use	   for	   my	   design.	   So	   now	   I	   am	   feeling	  more	  
confident	  as	  a	  product	  designer”	  (Large-­‐Area	  Electronics,	  2015).	  
	  
In	  this	  project,	  experts	  advised	  designers	  on	  which	  materials	  are	  “better”	  materials	  
to	   use	   for	   their	   designs	   –	   this	   implies	   that	   designers	   may	   have	   been	  
influenced/guided	  in	  what	  materials	  to	  use.	  This	  should	  really	  have	  been	  for	  to	  the	  
designer	  to	  decide.	  
	  
Designers	  need	  to	  be	  informed	  well	  enough	  about	  the	  technology	  so	  they	  should	  not	  
have	   to	   ask	   or	   feel	   that	   they	   need	   to	   ask,	   or	   need	   reassuring	   about	   their	   designs	  
when	  implementing	  this	  technology.	  
	  
Whilst	   working	   closely	   with	   printed	   electronics	   experts	   appeared	   to	   produce	   the	  
desired	   outcome	   from	   a	   commercial	   point	   of	   view	   for	   the	   case	   study	   projects,	   a	  
sufficient	  knowledge	  transfer	  of	  printed	  electronics	  to	  designers	  is	  needed.	  In	  future	  
projects,	  particularly	   in	  the	  early	  stages	  of	  design,	  a	  printed	  electronics	  expert	  may	  
not	  be	  available	  for	  providing	  such	  close	  guidance	  for	  designers.	  	  
	  
A	   designer	  will	   need	   to	   be	   equipped	  with	   a	   basic	   knowledge	  of	   the	   technology	   to	  
fully	   optimise	   the	   capabilities	   of	   the	   technology	   and	   enhance	   the	   design	   of	   the	  
product	  itself	  in	  form	  and	  function.	  
	  
After	   studying	   these	   three	   projects,	   it	   is	   now	   known	   that	   without	   a	   sufficient	  
knowledge	  transfer	  of	  printed	  electronics	  technology	  to	  designers,	  they	  will	  rely	  too	  
heavily	  on	   the	  expert’s	  advice,	  which	  may	  have	  a	  detrimental	  effect	  on	   the	  design	  
process.	  
	  
Discussions	   about	   successful	   approaches	   for	   presenting	   printed	   electronics	  
technology	  to	  designers	  will	  be	  identified	  through	  interviews	  with	  experts	  who	  have	  
experience	   in	   successfully	   presenting	   this	   technology	   to	   designers.	   The	   interview	  
outcomes	   aim	   towards	   defining	   new	   approaches	   for	   presenting	   the	   technology	   to	  
designers	  to	  ensure	  sufficient	  knowledge	  transfer.	  
	  
2.7.3.2	  Stated	  ‘future	  work’	  from	  case	  study	  
	  
“The	  EPSRC	  Centre	  plans	  to	  work	  with	  the	  technology	  providers	  and	  a	  product	  design	  
company	   to	   make	   a	   prototype	   demonstrator	   before	   producing	   a	   small	   number	   of	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demonstrators	  systems.	  If	  your	  organisation	  is	  interested	  in	  owning	  a	  demonstrator,	  
please	  contact	  the	  EPSRC	  Centre”	  (Large-­‐Area	  Electronics,	  2015).	  
	  
	  
2.7.4	  Criteria	  comparison	  of	  case	  studies	  
	  
In	  the	  case	  study	  projects,	  the	  designers	  felt	  that	  they	  had	  learnt	  a	  lot	  about	  this	  new	  
technology	   and	   also	   felt	   more	   confident	   as	   a	   designer	   because	   of	   it;	   however,	   in	  
these	  projects,	  the	  designers	  relied	  heavily	  on	  the	  advice	  of	  the	  printed	  electronics	  
experts	  (evident	  through	  the	  student	  designers’	  experience	  of	  the	  projects).	  All	  the	  
projects	  had	  a	  strong	  emphasis	  on	  commercialisation	  and	  innovation	  of	  the	  designs.	  
Beyond	   the	   projects,	   the	   next	   steps	  were	   to	   create	   prototype	   demonstrators	   and	  
also	  the	  commercialisation	  of	  the	  designs.	  
	  
A	  clear	  comparison	  of	  the	  criteria	  of	  all	  three	  case	  studies	  (Table	  5)	  is	  important	  for	  a	  
more	  thorough	  analysis	  of	  what	  was	  asked	  of	  the	  students	  and	  what	  they	  were	  going	  
to	  be	   judged	  on.	  The	  table	  below	  compares	  the	  case	  studies:	   ‘the	  brief’	  set	  for	  the	  
students,	   ‘what	   the	   students	   needed	   to	   consider’,	   and	   the	   ‘judging	   criteria’	   that	  
would	  be	  used	  on	  their	  final	  designs.	  
	  
Table	  5	  -­‐	  Criteria	  Comparison	  of	  Case	  Studies	  
	   Case	  Study	  1	  
(Everyday	  Consumer	  
Products)	  
Case	  Study	  2	  	  
(Packaging	  Design	  
focus)	  
Case	  Study	  3	  	  
(Large-­‐Area	  
Electronics	  focus)	  
Brief	  for	  
Students	  
To	  work	  in	  
teams/groups	  to	  
identify	  where	  the	  
emerging	  technology	  
of	  printable	  
electronics	  could	  be	  
used	  to	  enhance	  and	  
improve	  everyday	  
consumer	  products.	  
To	  work	  in	  cross-­‐
functional	  teams	  to	  
look	  at	  how	  printed	  
electronics	  could	  be	  
incorporated	  into	  
metal	  packaging	  to	  
enhance	  user’s	  
experience.	  
To	  incorporate	  
numerous	  function	  
LAE	  elements	  in	  their	  
design	  ideas,	  to	  bring	  
them	  together	  in	  
attractive	  and	  
compelling	  ways	  to	  
illustrate	  functional	  
capability	  and	  new	  
modes	  of	  use.	  
	  
	  
What	  students	  
needed	  to	  
consider	  
• Printed	  
electronics	  can	  be	  
used	  to	  embed	  
sensing	  
capabilities	  into	  
products	  without	  
using	  wires,	  
enabling	  touch	  
sensitive	  switches	  
and	  targeted	  bio-­‐
sensing.	  
• The	  technology	  
Consumer	  point	  of	  
view:	  
• Design	  
• Functionality	  
LAE	  elements:	  
• Sensors	  
• Displays	  
• Energy	  harvesting	  
• Energy	  storage	  
• Lighting	  
Commercial	  aspects:	  
• Cost	  of	  
manufacture	  
• Potential	  new	  
revenue	  streams	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can	  also	  be	  used	  
to	  create	  low	  cost,	  
thin,	  flexible	  and	  
interactive	  
printed	  displays	  
and	  interactive	  
packaging.	  
	  
	  
	  
	  
Judging	  
Criteria/	  
Scorecards	  
Judging	  criteria	  
unknown.	  
Originality	  of	  their	  
ideas	  
Design	  innovation	  
The	  strength	  of	  the	  
proposal	  based	  on	  
market	  needs	  
How	  well	  the	  LAE	  
elements	  were	  
presented	  
The	  suitability	  of	  the	  
designs	  for	  actual	  
manufacture	  
Commercial	  
potential/application	  
The	  financial	  benefits	  
of	  the	  design	  
	  
Overall	  quality	  of	  the	  
team’s	  presentation	  
	  
	  
	  
	  
2.7.5	  The	  winning	  designs	  and	  finalists	  of	  the	  three	  case	  
studies	  
	  
	  
Case	  Study	  1:	  
	  
There	  was	  only	   one	  design	  published;	   however,	   other	   product	   concepts	  were	   also	  
presented	  at	  the	  Media	  Marketplace	  2013	  conference	  and	  exhibition	   in	  Leeds.	  The	  
published	  design	  concept	  was	  an	  Anti-­‐Counterfeit	  Card	  (Figure	  77)	  which	  contains	  an	  
encrypted	  near	  field	  communication	  (NFC)	  chip	  with	  an	  NFC	  logo	  above	  it.	  A	  user	  can	  
check	  whether	  a	  product	  is	  genuine	  by	  placing	  this	  NFC	  logo	  on	  to	  a	  similar	  logo	  on	  a	  
product’s	   packaging;	   if	   the	   product	   is	   genuine,	   this	   will	   activate	   the	   card	   and	   the	  
word	   ‘genuine’	   appears	   on	   the	   face	   of	   the	   card	   to	   signify	   that	   the	   item	   is	   not	   a	  
counterfeit	  (Figure	  78).	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Figure	  77	  -­‐	  Anti-­‐Counterfeit	  Card	  -­‐	  Exploded	  View	  
(CPI,	  2013b)	  
	  
	  
Figure	  78	  -­‐	  Anti-­‐Counterfeit	  Card	  
(Northumbria	  University	  Newcastle,	  2013b)	  
	  
	  
Marc	  Holliday	  was	  an	  MA	  Automotive	  Design	  student	  and	  was	  team	  leader	  for	  the	  
group	  that	  designed	  the	  Anti-­‐Counterfeit	  Card;	  he	  said	  “We	  found	  that	  up	  to	  eight	  
per	  cent	  of	  the	  world’s	  total	  trade	  is	  subjected	  to	  counterfeiting,	  which	  equates	  to	  a	  
loss	  of	  around	  $512bn	  annually	   from	   legitimate	  trade.	  Our	  solution	  was	  to	  harness	  
the	   technologies	   from	  CPI	   in	  order	   to	  combat	   this	   issue.	  We	  have	  come	  up	  with	  an	  
easy	  and	  effective	  solution	  towards	  the	  problem	  of	  counterfeiting.	  Every	  person	  who	  
came	  to	  our	  stand	  was	  extremely	  interested	  in	  our	  ideas	  as	  they	  had	  never	  thought	  
that	   printed	   electronics	   could	   be	   used	   in	   such	   innovative	   ways”	   (Northumbria	  
University	  Newcastle,	  2013a).	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Case	  Study	  2:	  
	  
The	  winning	  design	  was	  a	  Smart	  Sunscreen	  (Figure	  79),	  which	  is	  a	  sunscreen	  aerosol	  
can	  that	  identifies	  skin-­‐type,	  sun	  levels,	  and	  calculates	  the	  maximum	  ‘safe’	  time	  for	  
the	   user	   to	   be	   in	   the	   sun	   (CPI,	   2014).	   In	   this	   case	   study,	   there	  were	   no	   published	  
information	  on	  any	  finalists.	  
	  
	  
Figure	  79	  –	  Smart	  Sunscreen	  
(CPI,	  2014)	  
	  
	  
Case	  Study	  3:	  
	  
The	  winning	  design	  was	  ‘The	  Waiting	  Ticket’	  by	  Hanako	  Zhang	  (Figure	  80),	  a	  flexible	  
wristband	  incorporating	  a	  display	  and	  communications	  to	  keep	  a	  customer	  informed	  
of	  the	  timing	  of	  an	  appointment	  (Large-­‐Area	  Electronics,	  2015).	  
	  
Figure	  80	  –	  The	  Waiting	  Ticket	  
(Large-­‐Area	  Electronics,	  2015)	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  The	  three	  finalists	  of	  the	  project	  (Large-­‐Area	  Electronics,	  2015)	  were:	  	  
	  
‘The	  Interactive	  Book’	  by	  Kai	  Lawrence,	  communicates	  information	  through	  different	  
graphic	  examples	  of	  printed	  electronics,	  each	  of	  which	  forms	  a	  page	  of	  a	  book,	  with	  
the	   technology	  embedded	   into	   the	  pages,	  with	  haptic	   interaction	  on	  each	  page	   to	  
allow	  the	  user	  to	  learn	  through	  doing	  (Figure	  81).	  
	  
‘Smart	   Step’	   by	   Qian	   Han,	   are	   smart	   insoles	   with	   built	   in	   pressure	   sensors	   and	  
gyroscope	  system,	  which	  connects	  to	  an	  app	  on	  a	  phone	  via	  Bluetooth.	  This	  allows	  a	  
user	  to	  track	  movement	  for	  sports,	  dance,	  or	  game	  applications	  (Figure	  82).	  
	  
‘Nerve’	  by	  Tracy	  Hernandez,	  is	  a	  portable	  electronic	  massager	  using	  transcutaneous	  
electrical	  nerve	  stimulation	  (TENS)	  to	  provide	  pain	  relief	  through	  a	  flexible	  pad	  that	  
can	  mould	  to	  the	  body	  (Figure	  83).	  
	  
	  
Figure	  81	  –	  The	  Interactive	  Book	  
(Large-­‐Area	  Electronics,	  2015)	  
	  
	  
	  
Figure	  82	  –	  Smart	  Step	  
(Large-­‐Area	  Electronics,	  2015)	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Figure	  83	  –	  Nerve	  
(Large-­‐Area	  Electronics,	  2015)	  
	  
	  
2.7.6	  Analysis	  
	  
Analysing	   these	   projects	   further,	   when	   comparing	   the	   projects	   (2.7.4	   Criteria	  
comparison	   of	   case	   studies),	   whilst	   they	   each	   had	   a	   strong	   emphasis	   on	  
commercialisation	  and	  innovation	  of	  the	  designs,	  the	  projects	  themselves	  differed	  in	  
their	  approach.	  The	  brief	  for	  Case	  Study	  1	  required	  design	  students	  to	  identify	  where	  
printed	   electronics	   could	   be	   used	   to	   enhance	   and	   improve	   everyday	   consumer	  
products,	  this	  therefore	  had	  a	  strong	  focus	  on	  existing	  products	  meaning	  that	  there	  
was	  no	  need	   for	   students	   to	   invent	   new	  products,	   just	   to	   focus	   on	   improving	   and	  
enhancing	   existing	   products.	  Whilst	   this	   puts	   emphasis	   on	   the	   technology	   itself,	   it	  
limits	  designers,	  as	   the	   focus	   is	  only	  on	  existing	  products	   rather	   than	  creating	  new	  
and	  exciting	  products	   and	  applications.	   The	  brief	   for	  Case	   Study	  2	   required	  design	  
students	   to	   look	   at	   how	   printed	   electronics	   could	   be	   incorporated	   into	   metal	  
packaging	   to	   enhance	   user’s	   experience,	   this	   project	   also	   had	   a	   focus	   on	   existing	  
products	  (metal	  packaging)	  but	  the	  main	  emphasis	  was	  on	  user’s	  experience	  of	  the	  
existing	   metal	   packaging	   products.	   This	   was	   a	   slightly	   different	   approach	   as	   the	  
emphasis	  was	  to	  improve	  or	  change	  the	  user’s	  experience	  of	  existing	  products,	  it	  was	  
in	   collaboration	   with	   a	   metal	   packaging	   company,	   but	   for	   the	   design	   students	   it	  
meant	   that	   it	   limited	   them	  to	  only	  one	  market	  vertical.	   The	  brief	   for	  Case	  Study	  3	  
required	   designers	   to	   combine	   numerous	   functional	   Large-­‐Area	   Electronics	   (LAE)	  
elements	   in	   each	   design	   idea,	   bringing	   these	   elements	   together	   in	   attractive	   and	  
compelling	  ways	  to	  illustrate	  two	  main	  areas:	  functional	  capacity,	  and	  new	  modes	  of	  
use.	   With	   this	   project	   it	   was	   not	   necessarily	   about	   considering	   just	   printed	  
electronics	   technology,	   it	  was	  about	  LAE	  elements,	  which	  can	  be	  produced	  using	  a	  
variety	  of	  different	  manufacturing	  methods.	  This	  therefore	  increases	  the	  number	  of	  
available	   resources	   (range	   of	   different	   technologies	   /	   electronic	   elements)	   for	  
designers	   to	   understand	   and	   consider	   in	   their	   design	   concepts,	   which	   can	   be	  
considered	   a	   limitation	   for	   designers	   in	   itself	   as	   presenting	   such	   a	  wide	   variety	   of	  
technologies	   to	   designers	   in	   combination	   with	   a	   very	   broad	   brief	   can	   be	   a	   lot	   of	  
information	   to	  process	  and	  understand,	  and	  can	  be	  overwhelming	   for	  designers.	  A	  
few	  constraints	  or	   limiting	   factors	  within	  a	  design	  brief	   can	  help	  designers	   to	   limit	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the	  scope	  of	  a	  project,	   for	  example	  with	  regards	  to	  options	  available	  and	  decision-­‐
making	  around	  topics	  such	  as	  designing	  for	  a	  specific	  user,	  a	  target	  market,	  a	  specific	  
type	  of	  product	  or	  market	  vertical	  /	  lifestyle,	  cost/budget,	  materials,	  etc.	  	  
	  
Insights	  into	  all	  of	  the	  design	  outcomes	  are	  limited	  in	  these	  publications,	  as	  only	  the	  
‘winning’	  designs	  or	  ‘runners	  up’	  were	  published.	  As	  the	  full	  design	  briefs	  (including	  
the	  full	  marking	  criteria)	  for	  each	  project	  were	  not	  published,	  it	  limits	  the	  extents	  to	  
which	   the	   research	   can	   analyse	   each	   of	   the	   design	   outputs	   against	   their	   design	  
briefs,	  to	  explore	  the	  extent	  to	  which	  the	  designer	  have	  answered	  or	  addressed	  that	  
brief.	   This	   would	   have	   been	   the	   task	   of	   the	   individuals	   involved	   in	   marking	   and	  
assessing	   the	   project,	   but	   this	   information	   along	   with	   the	   designers	   development	  
sketches	   would	   have	   been	   interesting	   from	   a	   research	   perspective	   it	   may	   have	  
offered	   insights	   into	   the	   designers’	   thought	   process	   behind	   designing	   with	   this	  
technology.	  However,	  the	  design	  outcomes	  that	  were	  published	  can	  be	  studied	  and	  
analysed	  with	   regards	   to	   similarities	  or	   themes	   throughout	   the	  designs,	  which	   can	  
offer	   insights	   into	   how	   the	   designers	   design	   with	   the	   technology.	   From	   the	  
researcher’s	  perspective,	  when	  examining	   the	  design	  outputs,	   three	  of	   the	  designs	  
appear	   to	   be	   very	   similar	   in	   the	   way	   that	   the	   designers	   have	   approached	   these	  
projects.	   The	   ‘anti-­‐counterfeit	   card’	   (Figure	   77,	   Figure	   78)	   from	  Case	   Study	   1,	   ‘the	  
waiting	  ticket’	   (Figure	  80)	  from	  Case	  Study	  3,	  and	  ‘the	   interactive	  book’	  (Figure	  81)	  
from	   Case	   Study	   3,	   each	   have	   a	   very	   thin	   appearance,	   and	   appear	   to	   apply	   the	  
technology	  to	  plastic/paper/card	  materials,	  and	  this	   in	  combination	  with	  these	  end	  
design	  outcomes/products	  may	  give	  the	  viewer	  the	  impression	  that	  these	  products	  
are	  disposable	  or	  have	  a	  short	  product	   lifecycle.	  The	  exception	  to	  this	  out	  of	  these	  
three	  designs	  may	  be	  the	  ‘interactive	  book’	  as	  users	  may	  look	  after	  a	  book	  perhaps	  
more	  than	  they	  would	   look	  after	  an	  ‘anti-­‐counterfeit	  card’	  or	  a	   ‘waiting	  ticket’,	  but	  
the	  ‘interactive	  book’	  appears	  to	  be	  very	  thin,	  almost	  a	  booklet,	  and	  its	  main	  focus	  is	  
to	   teach	   people	   about	   this	   technology	   through	   learning	   by	   doing	   as	   each	   page	   is	  
interactive	   and	   can	  be	  used	  with	   a	  mobile	  phone	  etc.	  When	  examining	   the	   ‘smart	  
sunscreen’	  (Figure	  79)	  from	  Case	  Study	  2,	  this	  design	  outcome/product	  differs	  in	  its	  
appearance	   as	   the	   technology	   is	   applied	   to	   metal	   packaging,	   which	   was	   a	  
requirement	   of	   the	   design	   brief	   as	   it	   was	   in	   collaboration	  with	   a	  metal	   packaging	  
company,	  but	  again	  it	  is	  similar	  in	  that	  it	  is	  a	  disposable	  product.	  Whilst	  there	  can	  be	  
a	  demand	  for	  disposable	  products,	  such	  as	  if	  it	  is	  relating	  to	  hygiene	  etc.,	  at	  the	  time	  
of	   these	  design	  outputs/products,	   the	  recyclability	  of	   this	   technology	   is	  still	   limited	  
or	  unknown,	  particularly	   in	  combination	  with	  these	  materials,	  and	  further	  research	  
and	  development	  may	  be	  needed	   to	  explore	  how	  to	  extract	   the	  printed	  electronic	  
materials	   from	   other	   materials,	   so	   to	   avoid	   these	   printed	   electronic	   materials	  
potentially	   harming	   the	   environment	   or	   going	   straight	   into	   landfill,	   designing	  
disposable	   products	   with	   printed	   electronics	   should	   be	   avoided	   until	   further	  
explorations	  into	  recycling	  has	  been	  completed.	  The	  two	  remaining	  published	  design	  
outcomes,	  both	  being	   from	  Case	  Study	  3:	   ‘smart	   step’	  and	   ‘nerve’,	  both	  appear	   to	  
use	  different	  materials	   that	  would	  be	   longer	   lasting	  and	  comfortable	  on	  a	  persons	  
skin	  and	  the	  end	  products	  (design	  outcomes)	  themselves	  appear	  to	  be	  longer	  lasting	  
products	  or	  products	  with	  a	   longer	   life	  cycle	   that	  would	  be	  able	   to	  be	  used	  by	  the	  
user	  multiple	   times.	   Out	   of	   all	   of	   the	   design	   outcomes	   across	   the	   three	   different	  
projects	   (case	   studies),	   these	   two	   designs	   appear	   to	   be	   the	   most	   unique	   and	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innovative	   as	   they	   explored	   with	   different	   materials	   and	   applications	   of	   the	  
technology	  directly	  in	  relation	  to	  users	  and	  its	  conformability	  to	  a	  humans	  body,	  and	  
it	   appears	   that	   the	   designers	   had	   a	   clear	   end	   user	   in	  mind	  when	   designing	   these	  
concepts.	  	  
	  
Whether	  any	  of	  these	  design	  outcomes	  would	  be	  commercially	  viable	  is	  unknown,	  as	  
even	  if	  these	  projects	  were	  in	  collaboration	  with	  companies,	  they	  were	  purely	  design	  
concepts	  produced	  by	  design	  students	  within	  an	  educational	  environment	  as	  part	  of	  
the	   academic	   curriculum.	   This	   is	   an	   important	   point	   to	   consider	   when	   looking	   at	  
these	  design	  outcomes	  as	   it	  may	  have	  had	  an	  affect	  on	  the	  designs	  themselves,	  as	  
the	   student	   designers	  may	   have	   had	   prior	   commitments	   during	   the	   time	   of	   these	  
design	  projects	  such	  as	  other	  modules	  on	  their	  design	  course	  to	  focus	  on	  and	  how	  
this	   project	   and	   other	   modules	   relate	   to	   their	   overall	   grades	   (as	   a	   course),	   also	  
students	  would	  need	  to	  consider	  how	  they	  are	  going	  to	  answer	  the	  brief	  and	  meet	  
the	  assessment	  criteria.	  All	  of	  these	  considerations	  could	  have	  had	  an	  affect	  on	  how	  
the	  designers	  answered	  the	  brief	  for	  the	  project	  and	  therefore	  the	  design	  concepts	  
produced	   may	   have	   differed	   greatly	   from	   what	   they	   could	   have	   designed	   if	   they	  
were	   based	   in	   a	   design	   position	   of	   employment.	   However,	   by	   working	   in	  
collaboration	   with	   companies/industry,	   it	   provided	   an	   opportunity	   and	   safe	  
environment	  to	  explore	  and	  experiment	  with	  this	  technology	  through	  design	  whilst	  
gaining	   an	   understanding	   of	   the	   demands	   of	   industry	   and	   then	   address	   the	   brief	  
accordingly.	  When	  studying	  these	  design	  outcomes,	  there	  are	  more	  aspects	  around	  
these	  projects	   to	  consider	   that	  could	  have	   influenced	   the	  designers	   in	   their	  design	  
process	  with	  this	  technology	  and	  the	  design	  outcomes,	  such	  as:	  time	  constraints,	  the	  
experience	  level	  of	  designers	  (undergraduate	  or	  postgraduate	  students),	  other	  prior	  
commitments	  (other	  modules	  on	  their	  course),	  requirements	  for	  making	  it	  a	  project	  
as	  part	  of	  a	  course	  (30	  credits	  on	  a	  module	  as	  part	  of	  a	  course,	  which	  could	  be	  very	  
small	  percentage	  of	   their	  grades	  and	  what	   they	  are	  doing	   to	  complete	   the	  course)	  
which	   may	   differ	   greatly	   from	   a	   project	   completed/undertaken	   in	   industry	   and	  
therefore	   a	   project	   such	   as	   this	   being	   their	   main	   source	   of	   income.	   So	   when	  
analysing	   these	   design	   outcomes,	   whilst	   they	   could	   be	   assessed	   as	   being	  
commercially	  viable	  or	  not	  (individuals’	  methods	  of	  analysis	  could	  be	  variable	  when	  
they	  are	  assessing	  whether	  each	  design	  is	  commercially	  viable,	  they	  could	  take	  into	  
consideration	  various	  factors	  such	  as	  whether	  it	  is	  possible	  to	  manufacture,	  whether	  
there	  is	  demand	  for	  the	  product,	  if	  it	  is	  profitable	  or	  not	  etc.),	  they	  can	  offer	  insights	  
into	   what	   printed	   electronics	   content	   was	   presented	   to	   the	   designers,	   what	   the	  
intended	  direction	  of	  each	  of	   the	  projects	  was,	  what	   the	  main	   influencing	  or	  most	  
memorable	   areas	   or	   aspects	   of	   the	   technology	   were	   for	   the	   designers	   including	  
themes	  that	  appear	   in	  the	  designs	  (such	  as	  designing	  disposable	  products).	  Beyond	  
the	   individual	   projects	   and	   their	   content	   etc.,	   there	   are	  broad	   varying	   factors	   that	  
can	   influence	   the	   design	   outcomes	  which	   are	   ultimately	   dictated	   by	   the	   designers	  
themselves	   and	   their	   own	   motivations	   around	   design	   projects,	   such	   as	   their	  
commitment	   to	   achieving	   specific	   grades	  within	   their	   course,	   or	  whether	   they	   are	  
more	   motivated	   by	   their	   own	   design	   reputation,	   or	   whether	   they	   are	   actually	  
interested	  or	  not	   in	  the	  project	  subject	  as	  designers	  may	  have	  their	  own	  individual	  
design	  interests	  and	  they	  may	  feel	  that	  a	  particular	  technology	  or	  subject/topic	  does	  
not	  inspire	  them	  creatively.	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2.7.7	  Outcomes	  from	  this	  review	  
	  
Examining	  these	  projects	  and	  the	  design	  outputs	  from	  these	  projects	  are	  valuable	  to	  
this	  research,	  being	  the	  only	  known	  published	  projects	  on	  this	  topic	  to	  date,	  as	  they	  
provide	   insights	   into	  how	   student	  designers	   design	  products	  when	  presented	  with	  
this	  printed	  electronics	  technology.	  This	  published	  information	  provides	  an	  overview	  
of	  each	  of	  the	  projects	  as	  a	  whole,	  and	  demonstrates	  how	  some	  were	  run	  as	  printed	  
electronics	  design	  competitions,	  which	  may	  have	  been	  a	   strategy	   to	  help	  motivate	  
design	   students	   to	   participate	   and	   encourage	   or	   increase	   the	   likeliness	   of	   further	  
experimentation	   within	   their	   designs.	   These	   were	   the	   first	   projects	   (published	   to	  
date)	   that	   encouraged	   creativity	   within	   printed	   electronics	   technology,	   to	   present	  
this	   technology	   to	  designers	   in	  order	   to	  generate	  commercially	  viable	  and	  creative	  
product	   designs.	   For	   this	   research	   study,	   it	   offers	   insights	   into	   a	   designer’s	  
perspective	  of	   the	   technology,	   and	   thinking	  about	  printed	  electronics	   in	  a	   creative	  
way,	   leading	   to	   the	   generation	   of	   creative	   product	   designs	   that	   utilise	   printed	  
electronics.	  
	  
	  
	  
2.8	  The	  changing	  landscape	  of	  printed	  electronics	  
	  
2.8.1	  Market	  size	  and	  forecasts	  
	  
2.8.1.1	  Over	  the	  past	  ten	  years	  
	  
IDTechEx	   published	   the	   first	   of	   their	   reports	   on	   the	   printed,	   organic	   and	   flexible	  
electronics	  market	   in	  2005,	  with	  updates	  made	  to	  this	  online	   in	  2006	   (Harrop,	  and	  
Das,	  2006).	  There	   is	  not	  a	   record	  of	  a	  2006	  report,	  but	  since	  2007,	   there	  has	  been	  
one	   published	   every	   year	   since	   (Das,	   and	   Harrop,	   2007;	   2008;	   2009;	   2010;	   2011;	  
2012;	   2013;	   2014a;	   2014b;	   2015a).	   The	   figures	   from	   these	   published	   IDTechEx	  
reports	  have	  been	  collected	  and	  plotted	  on	  a	  bar	  chart	  for	  this	  research	  to	  compare	  
the	  ‘Actual	  Market	  Size’	  against	  the	  ‘Forecast	  of	  Future	  Market	  Size’	  over	  the	  years	  
(Figure	  84).	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Figure	  84	  -­‐	  Market	  Size	  and	  Forecasts	  from	  2005	  to	  2015	  
	  
Studying	  these	  figures,	  the	  market	  size	  dramatically	  increased	  in	  2012,	  and	  looks	  to	  
be	   continually	   increasing.	   The	   first	   forecast	   from	   the	   2005	   report	   appears	   to	   have	  
been	  very	  accurate,	  with	  the	  forecasted	  market	  size	  for	  2015	  to	  be	  $30	  billion,	  and	  
the	  actual	  market	  size	  in	  2015	  was	  $29.8	  billion.	  	  
	  
The	   figures	   stated	   in	   the	   reports	   used	   to	   create	   the	   bar	   chart	   (Figure	   84)	   are	  
displayed	  in	  the	  table	  below	  (Table	  6):	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Table	  6	  –	  Market	  Size	  and	  Forecasts	  from	  2005	  to	  2015	  
Year	   of	  
Report	  
Actual	  Market	  Size	  	  
in	  US$	  Billion	  
Forecast	   of	   Future	  
Market	  Size	  	  
in	  US$	  Billion	  
Date	   Stated	   for	  
Forecast	   of	   Market	  
Size	  
2005/2006	   Not	  Stated	   30	   2015	  
2007	   1.18	   5.06	   2011	  
2008	   1.58	   Not	  Stated	   Not	  Stated	  
2009	   1.92	   57.16	   2019	  
2010	   1.92	   55.1	   2020	  
2011	   2.2	   44.25	   2021	  
2012	   9.46	   63.28	   2022	  
2013	   16.04	   76.79	   2023	  
2014	   23.97	   70.39	   2024	  
2015	   29.8	   73.69	   2025	  
	  
	  
2.8.1.2	  Status	  in	  2014	  and	  2013	  
	  
The	   varying	   points	   of	  maturity,	   revenue,	   profitability,	   development	   and	   growth	   in	  
the	   market	   status	   for	   printed	   electronics	   varies	   widely	   even	   within	   a	   year,	   as	   is	  
evident	  when	  comparing	  the	  difference	  in	  figures	  between	  those	  produced	  in	  2013	  
(Figure	   85),	   and	   those	  produced	   in	   2014	   (Figure	   86).	  When	   comparing	   the	  market	  
status	  from	  2013	  and	  2014,	  it	  is	  clear	  that	  even	  within	  a	  year,	  the	  figures	  vary	  widely,	  
areas	   such	   as	   in	   the	   areas	   of	   OLED	   Lighting,	   Logic	   &	  memory,	   Sensors,	   and	   OLED	  
Displays	  these	  have	  increased	  in	  profitability,	  whist	  Printed/thin	  film	  batteries	  have	  
decreased	   by	   $5Mn,	   50%	   of	   the	   previous	   years	   profitability.	   Other	   areas	   also	  
decreased	   are	   E-­‐paper	   displays	   by	   $110Mn,	   AC	   EL	   displays	   by	   $40Mn,	   and	  
Conductive	  inks	  by	  $0.2Bn.	  	  
	  
Das	   and	   Harrop	   in	   the	   2014	   edition	   of	   the	   IDTechEx	   report	   predicted	   that	   “The	  
printed,	   flexible	   and	   organic	   electronics	   market	   will	   be	   worth	   over	   $70	   billion	   by	  
2024”	  and	  a	  section	  of	  this	  report	  was	  entitled	  the	  “Urgent	  need	  for	  creative	  product	  
design”	  (Das,	  and	  Harrop,	  2014b).	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Displays	  and	  Lighting	   System	  Components	   Power	  supply	  
	   	   	  
	  	  	  	  	  	  	  	  	  	  Not	  yet	  profitable	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Largest	  suppliers	  are	  profitable	  
Below	  $50	  Mn	   $50	  Mn	  to	  $1Bn	   >$1	  Bn	  
OLED	  Lighting	   5+	   $15Mn	   E-­‐paper	   15	   $270Mn	   OLED	  Displays	   15+	   $10
Bn	  
Electrochromic	  
Displays	  
12+	   <$1Mn	   AC	   EL	  
displays	  
20+	   $120Mn	   20%	  CAGR	  2013-­‐2018	  
Logic	   &	  
memory	  
10+	   <$1Mn	   Sensors	   10+	   $400Mn	   Conductive	  ink	   15+	   $1.8
Bn	  
OPV,	  DSSC	   10+	   <$1Mn	   	   5%	  CAGR	  2013-­‐2018	  
Printed/thin	  
film	  batteries	  
15+	   <$10Mn	   	   	  
<40%	  CAGR	  2013-­‐2018	   	   	  
Shakeout/consolidation	   	   	  
Figure	  85	  -­‐	  Market	  Status	  2013	  
(Das,	  2014a,	  p.5)	  
	  
	  
	  
Displays	  and	  Lighting	   System	  Components	   Power	  supply	  
	   	   	  
	  	  	  	  	  	  	  	  	  Not	  yet	  profitable	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Largest	  suppliers	  are	  profitable	  
Below	  $50	  Mn	   $50	  Mn	  to	  $1Bn	   >$1	  Bn	  
OLED	  Lighting	   5+	   $18Mn	   E-­‐paper	  
displays	  
15	   $160Mn	   OLED	  
Displays	  
15+	   $15.7	  
Bn	  
Electrochromic	  
Displays	  
12+	   <$1Mn	   AC	   EL	  
displays	  
20+	   $80Mn	   	  
Logic	   &	  
memory	  
10+	   <$3Mn	   	   Conductive	  
ink	  
15+	   $1.6Bn	  
	   Sensors	   10+	   $6.42	  
Bn	  
OPV,	  DSSC	   10+	   <$1Mn	   	   	  
Printed/thin	  
film	  batteries	  
15+	   <$5Mn	   	   	  
Shakeout/consolidation	   	   Years	  of	  development	  
Figure	  86	  -­‐	  Market	  Status	  2014	  (published	  on	  13th	  August)	  
(IDTechEx.,	  2014a)	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At	  the	  IDTechEx	  event	  ‘Printed	  Electronics	  Europe	  2014’,	  another	  updated	  version	  of	  
the	  market	  status	  for	  2014	  (Figure	  87)	  was	  presented	  (IDTechEx.,	  2014c):	  
	  
Displays	  and	  Lighting	   System	  Components	   Power	  supply	  
	   	   	  
	  	  	  	  	  	  	  	  	  	  Not	  yet	  profitable	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Largest	  suppliers	  are	  profitable	  
Below	  $50	  Mn	   $50	  Mn	  to	  $1Bn	   >$1	  Bn	  
OLED	  Lighting	   5+	   $10Mn	   AC	   EL	  
displays	  
20+	   $50Mn	   OLED	  Displays	   15+	   $15
Bn	  
Electrochromic	  
Displays	  
12+	   <$1Mn	   E-­‐paper	  
displays	  
15	   $180Mn	   10%	  CAGR	  to	  2018	  
Logic	   &	  
memory	  
10+	   <$3Mn	   Sensors	   10+	   $400Mn	   Conductive	  ink	   15+	   $1.5
Bn	  
OPV,	  DSSC	   10+	   <$3Mn	   (Film/material	  value	  only)	   4%	  CAGR	  to	  2018	  
Printed/thin	  
film	  batteries	  
15+	   <$3Mn	   Enabled	   billion	   $	  
opportunities	  
	  
>30%	  CAGR	  to	  2018	   	   	  
Shakeout/consolidation	   	   	  
Figure	  87	  -­‐	  Market	  Status	  2014	  (published	  on	  16th	  August)	  
(IDTechEx.,	  2014c)	  
	  
	  
	  
2.8.1.3	  2015	  to	  2025	  
	  
Das	   and	   Harrop	   (Das,	   and	   Harrop,	   2015a)	   from	   IDTechEx	   state	   that	   the	   printed,	  
flexible	  and	  organic	  electronics	  total	  market	  size	  is	  worth	  $29.80	  billion	  in	  2015,	  and	  
they	  forecast	  it	  to	  grow	  to	  $73.69	  billion	  in	  2025	  (Figure	  88).	  However,	  the	  majority	  
of	   this	   is	  OLEDs	   that	  are	  not	  printed,	  and	  also	  conductive	   inks	  used	   in	  a	  variety	  of	  
different	  applications.	  Also	  stated	  are	  that	  the	  much	  smaller	  segments	  such	  as	  logic	  
and	   memory,	   stretchable	   electronics,	   and	   thin	   film	   sensors	   have	   a	   huge	   growth	  
potential	  as	  they	  emerge	  from	  research	  and	  development.	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Figure	  88	  -­‐	  IDTechEx	  market	  forecast	  by	  component	  type	  in	  US$	  billions	  
(Das,	  and	  Harrop,	  2015a)	  
	  
	  
2.8.1.4	  2016	  to	  2026	  
	  
Das	   and	   Harrop	   (Das,	   and	   Harrop,	   2015b)	   from	   IDTechEx	   state	   that	   the	   printed,	  
flexible	  and	  organic	  electronics	  total	  market	  size	  is	  worth	  $26.54	  billion	  in	  2016,	  and	  
they	  forecast	  it	  to	  grow	  to	  $69.03	  billion	  in	  2026	  (Figure	  89).	  However,	  the	  majority	  
of	   this	   is	  OLEDs	   that	  are	  not	  printed,	  and	  also	  conductive	   inks	  used	   in	  a	  variety	  of	  
different	  applications.	  Also	  stated	  are	  that	  the	  much	  smaller	  segments	  such	  as	  logic	  
and	   memory,	   stretchable	   electronics,	   and	   thin	   film	   sensors	   have	   a	   huge	   growth	  
potential	  as	  they	  emerge	  from	  research	  and	  development.	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Figure	  89	  -­‐	  IDTechEx	  market	  forecast	  by	  component	  type	  in	  US$	  billions	  
	  
	  
2.8.2	  Need	  for	  designers	  -­‐	  change	  of	  views/priorities	  
	  
Throughout	  the	   IDTechEx	  reports	  (2005	  to	  2016)	  the	  views	  of	  this	  technology	  have	  
shifted.	   In	   the	   earlier	   reports	   (Das,	   and	   Harrop,	   2006;	   2007;	   2008)	   emphasis	   was	  
placed	   on	   very	   specific	   electronic	   products/applications,	   such	   as	   OLED	   displays,	  
billboards	   and	   signage;	  with	   no	  mention	   of	   design.	  However	   it	  was	   identified	   that	  
“The	  greatest	  opportunity	  is	  for	  devices	  which	  can	  be	  printed	  and	  are	  flexible”	  (Das,	  
and	  Harrop,	  2008).	  	  
	  
In	  2009	  this	  changed,	  with	  the	  mention	  of	  “creative	  product	  design	  is	  needed”	  within	  
this	  printed	  electronics	  field	  (Das,	  and	  Harrop,	  2009),	  and	  the	  addition	  of	  three	  new	  
sections	  within	  the	  report	  of	   ‘Urgent	  need	  for	  creative	  product	  design’,	   ‘Innovative	  
product	  designers/sellers	  are	   in	  short	  supply’	  and	   ‘How	  printed	  electronics	   is	  being	  
applied	  to	  products’	  (Das,	  and	  Harrop,	  2009),	  these	  have	  continued	  to	  be	  sections	  of	  
the	   reports	   ever	   since.	   An	   image	   published	   in	   the	   report	   showed	   the	   three	  main	  
ways	   the	   technology	  was	   being	   applied:	   low	   cost,	   high	   value	   through	   unique,	   and	  
reduce	   manufacture	   cost	   of	   conventional	   electronics	   (Figure	   90).	   This	   also	   shows	  
how	  imaginative	  product	  design	  was	  thought	  to	  be	  needed	  with	  this	  technology	  to	  
create	  new	  markets.	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Figure	  90	  -­‐	  How	  printed	  electronics	  is	  being	  applied	  to	  products	  (from	  2009)	  
(Das,	  and	  Harrop,	  2009)	  
	  
	  
2012’s	  report	  brought	  another	  new	  design-­‐related	  angle,	  when	  another	  section	  was	  
introduced	   from	   the	   2012	   report	   onwards	   called	   ‘Printed	   Electronics	   needs	   new	  
design	   rules’	   (Das,	   and	  Harrop,	  2012).	   Emerging	  new	  products	  are	  also	   included	   in	  
the	   2012	   report	   and	   in	   the	   reports	   since	   in	   a	   section	   called	   ‘Examples	   of	   printed	  
electronics	   creating	   new	   products’	   (Das,	   and	   Harrop,	   2012).	   This	   section	   includes	  
“new	   products	   that	   are	   imminently	   emerging	   and	   their	   prospects	   for	   success.	   The	  
technical	   barriers	   and	   commercial	   barriers	   are	   listed	   and	   prioritized,	   as	   well	   as	  
progress	   to	   overcome	   these”	   (Das,	   and	   Harrop,	   2012),	   this	   highlights	   the	   two	  
common	  barriers	  when	  working	   and	  designing	  with	   this	   technology	  when	   creating	  
new	  products,	  both	  the	  technical	  side	  and	  the	  commercial	  side.	  
	  
In	  2014’s	  report,	  and	  since,	  another	  new	  section	  has	  been	   introduced	  called	   ‘What	  
End	  Users	  want	  –	  results	  from	  20	  end	  user	  surveys’	  (Das,	  and	  Harrop,	  2014a)	  which	  
shows	   a	   much	   larger	   interest	   into	   the	   end	   users	   themselves	   and	   a	   change	   of	  
approach,	  enquiry	  into	  this	  area,	  rather	  than	  previous	  attempts	  of	  trying	  to	  find	  ‘End	  
user	   markets	   relevant	   to	   printed	   and	   potentially	   printed	   electronics’	   (Das,	   and	  
Harrop,	  2013).	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2.8.3	   End	   users	   learning	   and	   engaged	   in	   developing	  
printed	  electronics	  
	  
In	  2014	  at	  the	  IDTechEx	  event	  ‘Printed	  Electronics	  Europe’,	  one	  thing	  was	  made	  very	  
clear	   “now	   more	   than	   ever,	   end	   users	   are	   actively	   learning	   and	   engaged	   in	  
developing	   printed	   electronics	   devices.	   However,	   the	   process	   they	   go	   through	  with	  
industry	  is	  not	  effective”	  (IDTechEx.,	  2014c).	  As	  an	  end	  user,	  they	  often	  “do	  not	  know	  
the	  final	  concept	  to	  work	  towards”	  (IDTechEx.,	  2014c)	  this	  can	  sometimes	  be	  due	  to	  
their	  lack	  of	  knowledge	  of	  the	  capabilities	  of	  the	  industry.	  Suppliers	  do	  not	  seem	  to	  
know	   the	   solutions	  needed,	   but	   are	   also	   very	  willing	   to	  offer	   their	   components	   to	  
end	  users.	  	  
	  
IDTechEx	  stated:	  “IDTechEx	  feels	  that	  a	  better,	  closer	  user-­‐supplier	  innovation	  path	  is	  
needed.	   Concepts	   need	   to	   be	   value	   aligned	   rather	   than	   cost	   aligned”	   (IDTechEx.,	  
2014c).	  
	  
Designers	  appear	  to	  be	  the	  answer	  to	  this	  problem,	  as	  they	  can	  hear	  both	  what	  the	  
end	  user	  wants,	  what	  components	  the	  supplier	  can	  offer,	  and	  produce	  a	  new	  printed	  
electronics	  product	  solution.	  The	  designer	  will	  have	  the	  ability	   to	  design	  a	  solution	  
and	  also	  work	  towards	  and	  create	  a	  final	  concept	  with	  value,	  skills	  that	  neither	  the	  
end	  user	  nor	  the	  supplier	  can	  offer.	  
	  
IDTechEx	  discussed	  some	  of	  the	  end	  users	  at	  this	  2014	  event	  who	  spoke	  about	  their	  
progress,	  who	  included	  “Hasbro,	  Abbott	  Diagnostics,	  Boeing,	  Oxylane	  and	  Electrolux.	  
Most	   work	   is	   being	   done	   within	   the	   research/innovation	   centres	   in	   these	  
organisations.	  They	  reported	  that	  initial	  sample	  spend	  may	  be	  typically	  a	  few	  tens	  of	  
thousands	  of	  dollars,	  with	  $100K+	  for	  custom	  prototypes.	  Boeing	  estimates	  that	  they	  
have	   spent	   several	   million	   dollars	   rolling	   out	   printed	   electronics	   for	   its	   bird	   strike	  
detection	  system.	  Oxylane	  developed	  a	  new	  product	  around	  printed	  electronics,	  but	  
when	   it	   came	   to	   the	   product	   launch	   printed	   electronics	   was	   replaced	   with	  
conventional	   electronics,	   mainly	   due	   to	   manufacturing	   availability	   for	   printed	  
electronics.	  Things	  are	  moving	  forward.”	  (IDTechEx.,	  2014c).	  
	  
	  
2.8.4	  Commercial	  status	  of	  printing	  by	  volume	  
	  
In	   2014	   IDTechEx	   began	   producing	   a	   report	   called	   ‘Printing	   Equipment	   for	   Printed	  
Electronics’	   that	   forecasted	   from	   2014	   to	   2025	   (Das,	   2014b)	   for	   ‘marketing	  
opportunities	  for	  printing,	  curing	  and	  integration	  equipment’.	  This	  report	  highlights	  
that	  “the	  majority	  of	  products	  that	  use	  printed	  functional	  inks	  are	  printed	  by	  screen	  
printing…despite	   the	   intense	   focus	   on	   inkjet	   printing	   and	   high	   volume	   flexo	   and	  
gravure	  printing,	  theses	  printing	  types	  are	  mainly	  used	  in	  R&D	  and	  pilot	  production	  
rather	   than	  manufacturing	   commercial	   products”	   (Das,	   2014b).	   This	   is	   displayed	   in	  
the	  commercial	  status	  for	  2014	  below	  (Figure	  91).	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Figure	  91	  –	  Commercial	  Status	  in	  2014	  
(Das,	  2014b)	  
	  
	  
The	  biggest	  applications	  in	  2014	  included:	  Bus	  bards	  for	  PV	  solar	  cells,	  Glucose	  test	  
strips,	   Membrane	   keyboards,	   Bezel	   electrodes	   for	   touch	   screen	   modules,	   and	  
Antennas	  (Das,	  2014b).	  
	  
In	  the	  2015	  report	  forecasting	  from	  2015	  to	  2025,	  IDTechEx	  found	  that	  “in	  2015	  the	  
value	   of	   products	   sold	   that	  will	   be	  made	   by	   printing	  will	   be	   $9.15	   billion,	   rising	   to	  
$15.57	  billion	  in	  2015”	  (Das,	  2015a),	  this	  is	  displayed	  in	  the	  bar	  chart	  below	  (Figure	  
92).	  	  Data	  is	  used	  to	  create	  the	  bar	  chart	  is	  from	  the	  printing	  requirements	  needed	  to	  
create	  the	  following	  components	  (Das,	  2015a):	  
	  
• Displays:	  OLED,	  electrophoretic,	  AC	  electroluminescent,	  electrochromic	  	  
• Lighting:	  OLED,	  LED	  	  
• Sensors:	   Biosensors,	   capacitive,	   piezoresistive,	   piezoelectric,	   temperature,	  
gas,	  organic	  photodetector,	  hybrid	  CMOS	  photodetector,	  digital	  X-­‐ray	  	  
• Photovoltaics:	  crystalline	  silicon	  PV,	  OPV,	  DSSC,	  aSi,	  CIGs	  and	  others	  	  
• Energy	  storage:	  batteries,	  supercapacitors	  	  
• Touch	  screens:	  Capacitive	  	  
• Logic	  and	  Memory:	  Logic,	  TFTs,	  memory	  	  
• Others:	  Membrane	  keypads/switches,	  RF	  antennas,	  heating	  elements,	  smart	  
packaging,	  flexible	  circuits	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Figure	  92	  -­‐	  Total	  value	  of	  printed	  components	  split	  by	  printing	  technology	  type	  
(Das,	  2015a)	  
	  
	  
IDTechEx	   reported	   that	   “screen	   printing	   currently	   dominates	   commercial	   printed	  
electronics	  products	  made	  by	  printing,	  but	  intense	  focus	  on	  inkjet	  printing	  and	  high	  
volume	  flexo	  and	  gravure	  printing	  is	  beginning	  to	  see	  these	  printing	  types	  move	  from	  
R&D	   to	   pilot	   and	   some	   commercial	   product	   production”	   (Das,	   2015a).	   This	   is	  
displayed	  in	  the	  commercial	  status	  for	  2015	  below	  (Figure	  93).	  
	  
	  
Figure	  93	  –	  Commercial	  Status	  in	  2015	  
(IDTechEx.,	  2014b)	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2.8.5	  Roadmap	  for	  organic	  and	  printed	  electronics	  2015	  
	  
The	  Organic	  and	  Printed	  Electronics	  Association	  (OE-­‐A)	  have	  created	  a	  roadmap	  (OE-­‐
A,	  2015a)	   for	  organic	  and	  printed	  electronics	   (Figure	  94,	  Table	  7)	   that	  aims	  to	   look	  
ahead	   to	   the	   future	   and	   present	   key	   trends	   and	   challenges	   in	   this	   field	   (OE-­‐A,	  
2015b).	  The	  roadmap	  is	  aimed	  to	  represent	  “the	  common	  perspectives	  of	  the	  more	  
than	  230	  member	  companies	  and	   institutes	   for	   the	  continuous	  development	  of	   this	  
young	   sector”	   (OE-­‐A,	   2015b).	   Their	   goal	   is	   to	   provide	   common	   ground	   for	   science	  
and	   industry,	  and	  the	  roadmap	  gives	  an	  overview	  of	  substrates,	  materials,	  printing	  
processes	  and	  other	  production	  techniques.	  Over	  250	  OE-­‐A	  experts	  took	  part	  in	  the	  
‘roadmapping’	  process.	  	  
	  
An	  overview	  of	  this	  technology	  as	  it	  is	  now,	  and	  how	  it	  could	  change	  in	  the	  future	  is	  
essential	   for	   planning	   the	   development	   of	   this	   technology	   and	   its	   potential	  
applications,	   the	   OE-­‐A	   also	   makes	   the	   following	   statement	   with	   regards	   to	   the	  
roadmap:	  
“In	  the	  future	  the	  applications	  of	  printed	  electronics	  will	  be	  strengthened,	  also	  
in	   areas	   such	   as	   Smart	   Packaging,	   Buildings	   and	   Textiles	   as	   well	   as	  
Automotive	  Displays.	  However,	  in	  order	  to	  make	  the	  technology	  more	  suitable	  
for	   mass	   production,	   further	   breakthroughs	   are	   required	   in	   the	   fields	   of	  
processes,	   encapsulation,	   materials,	   as	   well	   as	   standards	   and	   regulations.	  
“The	   Roadmap	   therefore	   provides	   an	   important	   foundation	   for	   the	  
development	  and	  product	  planning	  for	  industry,	  politics	  and	  science”,	  says	  Dr.	  
Jeremy	  Burroughes,	  Chairman	  of	  OE-­‐A	  and	  CTO	  at	  CDT	  Ltd.”	  (OE-­‐A,	  2015b)	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Figure	  94	  –	  Status	  in	  2015	  and	  future	  prospects	  of	  printed	  electronics	  
(OE-­‐A,	  2015b)	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Table	  7	  –	  OE-­‐A	  Roadmap	  for	  organic	  and	  printed	  electronics	  applications	  2015,	  with	  
forecast	  for	  the	  market	  entry	  in	  large	  volumes	  (general	  availability)	  for	  the	  different	  
applications	  
(OE-­‐A,	  2015b)	  
	   Existing	  until	  
2015	  
Short	  term	  
2016-­‐2018	  
Medium	  term	  
2019-­‐2022	  
Longer	  term	  
2023+	  
	  
OLED	  Lighting	   Rigid	  modules	  
for	  design	  
driven	  
luminaries	  
B2B	  and	  B2C	  
Flexible	  
lighting	  for	  
design	  driven	  
applications	  
Mass-­‐
produced	  
flexible	  
lighting	  
General	  
lighting	  
	  
Organic	  
Photovoltaics	  
Consumer	  
electronic	  
charges,	  solar	  
lamps,	  
architectural	  
installations	  
Consumer	  
electronics,	  
mobile	  power,	  
energy	  
harvesting,	  
specialised	  
BIPV	  and	  
BAPV	  
Mobile	  
power,	  
Internet	  of	  
Everything	  
energy	  
harvesting,	  
building	  
integration,	  
medium	  size	  
off-­‐grid	  
Large	  volume	  
BIPV	  
integration,	  
large	  and	  
industrial	  off-­‐
grid,	  grid-­‐
connected	  PV	  
	  
Flexible	  and	  
OLED	  Display	  
Curved	  OLED	  
TVs,	  flexible	  
OLED	  displays,	  
mobile	  OLED	  
displays,	  e-­‐
reader,	  
wearables	  
In-­‐moulded	  
displays,	  
(semi-­‐)	  
transparent	  
bendable	  
displays,	  OLED	  
monitors	  and	  
TVs	  
Portable	  
foldable	  OLED	  
displays,	  
(semi-­‐)	  
transparent	  
rollable	  
display	  
Stretchable	  
display,	  
rollable	  OLED	  
TV,	  rollable	  
consumer	  
electronics	  
	  
Electronics	  &	  
Components	  
Primary	  
batteries,	  
memory	  for	  
brand	  
protection,	  
ITO-­‐free	  
transparent	  
conductive	  
films	  and	  
touch	  sensors	  
Rechargeable	  
batteries,	  
transparent	  
touch	  sensors,	  
reflective	  
display	  
elements,	  
flexible	  &	  
largea	  area	  
ITO-­‐free	  touch	  
sensors	  
Multi-­‐cell	  
batteries,	  
wireless	  
readable	  
memory,	  
printed	  logic	  
chips,	  
bendable	  ITO-­‐
free	  touch	  &	  
gesture	  
sensors	  
Directly	  
printed	  
batteries,	  
smart	  objects	  
integrating	  
actives	  and	  
passive	  
devices,	  fully	  
integrated	  
touch	  &	  
gesture	  
sensors	  
	  
Integrated	  
Smart	  
Systems	  
Garments	  
with	  
integrated	  
sensors,	  anti-­‐
theft/forgery	  
labels,	  
temperature	  
sensor	  smart	  
labels,	  printed	  
sensors	  and	  
test	  strips	  
NFC	  enabled	  
sensor	  labels,	  
intelligent	  
packaging,	  
integrated	  
systems	  on	  
garment	  
Multi-­‐cell	  
batteries,	  
wireless	  
readable	  
memory,	  
printed	  logic	  
chips,	  
bendable	  ITO-­‐
free	  touch	  &	  
gesture	  
sensors	  
OLED	  on	  
textile,	  
disposable	  
health	  
monitoring	  
systems,	  
wireless	  
sensors	  for	  
smart	  
buildings	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Roadmaps	  are	  helpful	  for	  establishing	  at	  what	  stage	  a	  technology	  is	  at	  and	  its	  current	  
capabilities,	   but	   it	   is	   also	   useful	   for	   demonstrating	   and	   predicting	   how	   the	  
technology	  may	  progress	  over	  a	  number	  of	   years,	   and	  which	   future	  applications	   it	  
could	  be	  used	  in.	  Whilst	  roadmaps	  can	  be	  used	  to	  show	  where	  or	  which	  direction	  a	  
technology	   is	  heading	   towards	   in	   the	   future,	  online	  campaigns	   (such	  as	  Kickstarter	  
campaigns)	   can	   be	   used	   to	   assess	   the	   likeliness	   of	   success	   or	   feasibility	   of	   a	  
technology	  in	  order	  to	  assess	  whether	  the	  direction	  it	  is	  going	  in	  would	  be	  a	  success	  
or	  failure,	  by	  assessing	  the	  public	  demand	  for	  that	  particular	  technology	  or	  product.	  
	  
2.8.6	   Technology	   push,	   Market	   pull,	   and	   Kickstarter	  
campaigns	  in	  printed	  electronics	  
	  
Technology	   push	   (sometimes	   referred	   to	   as	   ‘idea	   push’)	   is	   the	   approach/model	  
(Figure	  95)	  where	  “the	  innovation	  process	  starts	  with	  an	  idea	  or	  a	  discovery”	  (Open	  
Learn,	   2017a)	   and	   is	   sometimes	   started	   by	   a	   creative	   individual	   who	   realises	   its	  
significance	  through	  their	  imagination	  and	  knowledge,	  and	  has	  the	  practical	  skills	  to	  
transform	  the	  discovery	  or	  idea	  into	  an	  invention.	  Starting	  points	  can	  also	  be	  within	  
organisations	   through	   applied	   research	   and	   development	   (R&D)	   or	   basic	   scientific	  
research.	   The	   idea	  or	   invention	   then	  goes	   through	  design	  and	  development	   into	  a	  
product	  that	  can	  then	  be	  manufactured	  economically	  and	  effectively,	  and	  finally	  sold	  
on	  the	  market	  (Open	  Learn,	  2017a).	  
	  
	  
Figure	  95	  -­‐	  Technology	  push	  model	  
(Open	  Learn,	  2017a)	  
	  
	  
Market	  pull	  is	  the	  approach/model	  (Figure	  96)	  where	  the	  stimulus	  for	  an	  innovation	  
comes	  from	  the	  needs	  of	  a	  particular	  section	  of	  the	  market,	  or	  society,	  perceived	  by	  
a	   manufacturer	   or	   an	   entrepreneur.	   This	   market	   pull	   model	   suggests	   that	   “a	  
successful	  approach	  to	  innovation	  would	  be	  to	  research	  the	  market	  thoroughly	  first,	  
assess	  what	  needs	  exist,	  how	  far	  they	  are	  met	  by	  existing	  products	  and	  processes	  and	  
how	   the	   needs	   might	   be	   met	   more	   effectively	   by	   means	   of	   a	   new	   or	   improved	  
innovation”	   (Open	   Learn,	   2017b).	   Following	   this,	   the	   appropriate	   technology	   is	  
developed;	   a	   receptive	   market	   is	   assured,	   due	   to	   the	   innovation	   process	   being	  
tailored	  to	  meet	  a	  definite	  need	  (Open	  Learn,	  2017b).	  	  
	  
	  
Figure	  96	  -­‐	  Market	  pull	  model	  
(Open	  Learn,	  2017b)	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‘Market	  pull’	   can	  be	  determined	  by	  user	  demands,	  whether	   it	   is	   something	   that	   is	  
needed	   or	   wanted	   by	   users.	   Sometimes	   users	   do	   not	   know	  what	   they	   want,	   and	  
need	  inspiration	  or	  the	  product	  presented	  to	  them	  in	  order	  to	  decide	  whether	  they	  
want	   or	   need	   that	   product,	   and	   if	   it	   would	   benefit	   them	   in	   some	  way.	   Launching	  
crowd	  funded	  opportunities	  for	  products	  such	  as	  Kickstarter	  campaigns	  etc.	  can	  be	  
ideal	   for	   gauging	   whether	   users	   or	   ‘the	  market’	   would	   be	   interested	   in	   a	   specific	  
product	  or	  not,	  as	  it	  not	  only	  helps	  to	  determine	  whether	  users	  would	  want	  or	  need	  
the	  product,	  but	  it	  also	  gives	  an	  idea	  of	  how	  much	  a	  user	  would	  be	  willing	  to	  pay	  for	  
a	  product,	  therefore	  suggesting	  its	  financial	  viability	  (as	  the	  users	  can	  choose	  from	  a	  
range	  of	  financial	  pledges).	  
	  
Kickstarter	   campaigns	   are	   useful	   in	   determining	   public	   demand	   for	   the	   proposed	  
product,	  which	  can	  be	  a	  good	  milestone	  when	  deciding	  whether	  to	  take	  the	  product	  
any	  further,	  to	  batch	  or	  mass	  production.	  From	  the	  perspective	  of	  this	  research,	  they	  
can	   also	   be	   useful	   for	   evidence	   of	   up-­‐to-­‐date	   successes,	   failures,	   and	   growth	   of	  
interest	   for	   the	   current	   market	   as	   they	   are	   all	   very	   recent	   campaigns	   within	   this	  
research.	  This	   is	  perceivably	  due	  to	  the	  new	   interest	  within	   the	  printed	  electronics	  
field,	  also	  illustrating	  that	  printed	  electronics	  technology	  is	  finally	  becoming	  a	  viable	  
option.	  Examples	  of	  Kickstarter	   campaigns	  will	   appear	   throughout	   the	   research,	  as	  
further	  evidence	  when	  determining	  which	  technology	  readiness	   level	   (TRL)	  each	  of	  
the	  examples	  given	  has	  reached.	  Kickstarter	  campaigns	  are	  sometimes	  used	  simply	  
to	   fund	  a	  product	  design	   that	   is	   at	   an	  early	   stage	  of	   development	  where	   a	  design	  
concept	  has	  been	  produced	  or	  an	  early	  prototype	  and	  the	  campaign	  is	  used	  to	  raise	  
money	   to	   fund	   a	   start	   up	   business	   and	   provide	   the	   funds	   needed	   for	   going	   into	  
production	  such	  as	  tooling	  costs,	  and	  can	  therefore	  transform	  a	  piece	  of	  research	  or	  
a	   student	   design	   project	   from	   their	   studies	   in	   academia	   into	   industry	   scale	  
production	  and	  a	  business.	  
	  
	  
2.8.7	  Industry	  and	  academia	  
	  
After	   studying	   the	   literature	   (2.4.2	   Printed	   electronics	   product	   examples,	   and	  
Appendix	   1:	   In-­‐depth	   examination	   of	   printed	   electronics	   product	   examples),	  
observations	   have	   been	   made	   about	   the	   differences	   between	   industry	   and	  
academia.	   Industry	   appear	   to	   be	   very	   secretive	   when	   it	   comes	   to	   discussing	   this	  
printed	  electronics	   technology,	   they	  seem	  to	  publish	   the	   two	  extremes,	  either	   just	  
conceptual	   designs,	   or	   the	   finished	   product	   which	   is	   commercially	   available.	  
Whereas,	  in	  academia	  they	  appear	  to	  publish	  most	  of	  their	  findings,	  which	  often	  lie	  
between	   those	   two	   extremes	   of	   industry.	   However,	   in	   cases	   where	   industry	   and	  
academia	   (or	   spin	   out	   company	   from	   academic	   research	   group)	   collaborate,	   the	  
output	  is	  the	  best	  of	  both	  worlds	  as	  both	  the	  research	  and	  the	  finished	  products	  are	  
published	   (MC10	   Inc.,	   2015;	   MC10	   Inc.,	   2014;	   Reebok	   International,	   2013).	   If	  
individuals	   from	   both	   industry	   and	   academia	   collaborate	   on	   a	   project,	   whilst	  
individuals	   may	   differ	   in	   backgrounds	   and	   opinions,	   they	   are	   ultimately	   working	  
towards	   the	   same	   end	   goal	   for	   that	   particular	   project,	   and	   therefore	   they	   must	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establish	  some	  form	  of	  mutual	  language	  in	  order	  to	  achieve	  that	  end	  goal.	  A	  form	  of	  
mutual	  language	  can	  simply	  be	  establishing	  key	  words	  or	  titles	  for	  different	  aspects	  
or	  stages	  of	  the	  project,	  or	  the	  standard	  specifications	  required	  for	  the	  manufacture	  
of	  a	  technology,	  which	   is	   important	  for	  producing	  a	  successful	  and	  functioning	  end	  
output.	  
	  
2.8.8	  Standardisation	  of	  printed	  electronics	  
	  
Suganuma	   explains	   about	   standardisation	   and	   printed	   electronics	   (PE):	  
“Standardisation	  usually	  happens	  when	  a	  technology	  has	  reached	  a	  certain	  point	   in	  
its	   development,	   resulting	   in	   a	   certain	   level	   of	   mass	   production	   in	   the	  market.	   PE	  
technology	   has	   apparently	   not	   yet	   reached	   this	   level.	   The	   primary	   aim	   in	   the	  
standardization	   of	   PE	   is	   to	   help	   open	   new	  markets	   by	   first	   establishing	   a	   common	  
platform	   for	   PE	   technology”	   (Suganuma,	   K.,	   2014,	   p.119).	   	   In	   order	   to	   standardise	  
this	   technology,	   five	   categories	   have	   been	   created	   around	   the	   issues	   or	   possible	  
factors	   affecting	   every	   component	   on	   a	   flexible	   film	   substrate:	   process,	   reliability,	  
system	   integration,	   material	   property	   and	   quality,	   and	   device	   structure	   and	  
performance	  (Figure	  97).	  However,	  as	  of	  late	  2013,	  there	  has	  been	  no	  development	  
of	  a	  database	  of	  substrates/materials/printing,	  and	  manufacturers	  need	  to	  start	  their	  
processes	  with	  the	  selection	  of	  materials	  that	  can	  be	  produced	  via	  a	  suitable	  printing	  
method	   and	   a	   reliability/performance	   evaluation	   method,	   whilst	   also	   designing	   a	  
target	   device.	   With	   this	   in	   mind,	   Suganuma	   explains:	   “Clearly,	   it	   will	   take	   a	  
considerable	  amount	  of	  time	  to	  create	  an	  environment	  that	  is	  mature	  enough	  for	  PE	  
mass	  production”	  (Suganuma,	  K.,	  2014,	  p.120).	  
	  
Figure	  97	  -­‐	  Influential	  factors	  in	  PE	  technology	  
(Suganuma,	  K.,	  2014,	  p.120)	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Several	   organisations	   have	   been	   creating	   standards	   for	   printed	   electronics	  
technology	   in	   order	   to	   establish	   a	   common	   platform	   for	   the	   printed	   electronics	  
supply	   chain,	   in	   which	   the	   most	   advanced	   and	   active	   organisations	   are	   the	  
International	   Electrotechnical	   Commision	   (IEC),	   International	   Organization	   for	  
Standardization	   (ISO),	   and	   IPC.	   Other	   organisations	   also	   active	   include	  
Semiconductor	   Equipment	   and	   Materials	   International	   (SEMI)	   and	   Institute	   of	  
Electrical	   and	   Electronics	   Engineers	   (IEEE).	   Suganuma	   explains	   that	   the	   ISO	   has	  
prepared	  a	  series	  of	  standards	  for	  the	  evaluation	  of	  conductive	  adhesives	  and	  that	  it	  
will	  be	  published	  as	   ‘Adhesives	  –	  Test	  methods	   for	  electrically	   isotropic	  conductive	  
adhesives’	  consisting	  of	  nine	  parts:	  1)	  General	  test	  methods,	  2)	  Electric	  characteristic	  	  
test	  methods	  for	  electronic	  assemblies,	  3)	  Heat	  transfer	  properties,	  4)	  Shear	  strength	  
test	   method	   for	   rigid	   to	   rigid	   bonded	   assembly,	   5)	   Shear	   fatigue	   test	   method,	   6)	  
Pendulum	   type	   shear	   impact	   test	   method,	   7)	   Environmental	   test	   methods,	   8)	  
Electrochemical	   migration	   test	   methods,	   and	   9)	   High	   speed	   signal	   transmission	  
characteristic	  test	  methods.	  Of	  these	  parts,	  numbers	  2,	  7,	  8,	  and	  9	  are	  closely	  related	  
to	  printed	  electronics	  technology	  (Suganuma,	  K.,	  2014,	  pp.120-­‐121).	  	  
	  
Recent	  developments	  within	  the	  printed	  electronics	  field	  include	  acknowledgement	  
and	  participation	   from	  the	   International	  Electrotechnical	  Commision	   (IEC),	  who	  set	  
“international	  standards	  and	  conformity	  assessment	  for	  all	  electrical,	  electronic	  and	  
related	   technologies”	   (IEC.,	   2014).	   They	   have	   created	   a	   technical	   committee	   for	  
printed	   electronics,	   known	   as	   ‘TC	   119’	   with	   the	   aim	   of	   implementing	   a	  
“Standardization	   of	   terminology,	   materials,	   processes,	   equipments,	   products	   and	  
health/safety/environment	  in	  the	  field	  of	  printed	  electronics”.	  The	  need	  for	  this	  had	  
been	  discussed	  in	  academic	  and	  industrial	  circles	  world-­‐wide	  since	  2008;	  a	  practical	  
movement	   by	   a	   Korean	   proposal	   was	   initiated	   in	   June	   2011,	   and	   the	   technical	  
committee	  was	  established	  in	  October	  2011.	  However,	  their	  standards	  have	  still	  not	  
been	  defined,	  nor	  yet	  put	   into	  place,	  and	   it	  appears	   to	  be	  a	  work	   in	  progress.	  This	  
makes	   for	   difficult	   research,	   but	   it	   does	   demonstrate	   a	   level	   of	   validation	   for	   this	  
technology,	   in	   the	   agreement	   of	   a	   need	   for	   standardisation.	   	   TC119	   has	   already	  
established	   six	   different	   ad	   hoc	   working	   groups	   (Figure	   98)	   (Suganuma,	   K.,	   2014,	  
p.122).	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Figure	  98	  -­‐	  TC119	  PE	  organisation	  structure	  
(Suganuma,	  K.,	  2014,	  p.123)	  
	  
	  
Suganuma	  explains	  that:	  “Usually,	  ISO	  and	  IEC	  standardization	  procedures	  require	  2	  
or	  3	  years	  to	  establish	  a	  single	  standard.	  Such	  long	  periods	  are	  sometimes	  too	  long	  
for	   fast-­‐growing	   industries”.	   The	   IPC	   and	   its	   members	   are	   “actively	   engaging	   in	  
global	  printed	  electronics	  efforts	  dedicated	   to	   furthering	   the	  competitive	  excellence	  
and	   financial	   success	   of	   IPC	   members”,	   their	   printed	   electronics	   initiative	   was	  
established	   in	   2011:	   “to	   lead	   element	   required	   for	   developing	   printed	   electronics	  
industry	  worldwide”	  and	  has	  resulted	  in	  the	  first	  three	  operational-­‐level	  standards	  in	  
printed	   electronics	   (Figure	   99)	   (Suganuma,	   K.,	   2014,	   p.122).	   Since,	   the	   IPC	   have	  
published	   another	   two	   operational-­‐level	   standards,	   currently	   totalling	   five	   (IPC,	  
2015):	  
	  
• IPC/JPCA-­‐4921:	  Requirements	  for	  Printed	  Electronics	  Base	  Materials	  (2012)	  
• IPC/JPCA-­‐4591:	   Requirements	   for	   Printed	   Electronics	   Functional	   Conductive	  
Materials	  (2012)	  
• IPC/JPCA-­‐2291:	  Design	  Guidelines	  for	  Printed	  Electronics	  (2013)	  
• IPC/JPCA-­‐6901:	  Application	  Categories	  for	  Printed	  Electronics	  (2015)	  
• IPC-­‐6903:	   Terms	  and	  Definitions	   for	   the	  Design	  and	  Manufacture	  of	   Printed	  
Electronics	  (Additive	  Circuitry)	  (2015)	  (IPC,	  2015)	  
	  
IPC	  update	  the	  status	  of	  standardisation	  on	  their	  website,	  showing	  how	  far	  each	  of	  
their	  standards	  have	  progressed	  (IPC,	  2016).	  
	  
	  
IPC’s	   current	   draft	   standards	   for	   printed	   electronics	   –	   that	   they	   are	   seeking	  
companies’	  input	  -­‐	  are	  (IPC,	  2015):	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• IPC-­‐4591A,	   Requirements	   for	   Printed	   Electronics	   Functional	   Conductive	  
Materials	  
• IPC-­‐4921A,	  Requirements	  for	  Printed	  Electronics	  Base	  Materials	  
• IPC-­‐2292,	  Design	  Standard	  for	  Printed	  Electronics	  on	  Flexible	  Substrates	  
• IPC-­‐6902,	  Qualification	  and	  Performance	  Specifications	  for	  Printed	  Electronics	  
(IPC,	  2015)	  
	  
	  
	  
Figure	  99	  -­‐	  IPC	  PE	  initiative	  and	  three	  operational-­‐level	  standards	  in	  printed	  
electronics	  
(Suganuma,	  K.,	  2014,	  p.124)	  
	  
	  
Suganuma	  explains	  the	  difficulties	  when	  replacing	  a	  previous	  technology	  with	  a	  new	  
technology,	  and	  specifically	  in	  the	  case	  of	  printed	  electronics	  (PE),	  that:	  	  
“When	  a	  new	  technology	  is	  trying	  to	  replace	  legacy	  technology,	  there	  will	  be	  
always	   competition	   between	   them.	   Sometimes,	   the	   legacy	   technology	  wins	  
out.	  This	  has	  happening	   in	   the	  PE	  world	  as	  well	  …	  Thus	  companies	   that	  are	  
developing	   printed	   electronics	   devices	   should	   be	   aware	   that	   they	   are	  
competing	   with	   the	   legacy	   device	   technology	   and	   its	   cost-­‐cutting	   trends.	  
Flexibility	  and	  ultimate	  cost	  reductions	  could	  be	  the	  most	  promising	  features	  
of	  PE.	  The	  competition,	  not	  only	  with	  PE	   industries	  but	  also	  with	   the	   legacy	  
industry,	   is	   cutthroat.	  With	   this	   fact	   in	  mind,	   readers	   and	   consumer	   should	  
look	   forward	   to	   a	   bright	   future	   in	   the	   field	   of	   PE.”	   (Suganuma,	   K.,	   2014,	  
pp.123-­‐124)	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A	   EU	   funded	   project	   Technology	   &	   Design	   Kit	   for	   Printed	   Electronics	   (TDK4PE)	  
started	  in	  October	  2011	  and	  running	  to	  August	  2014	  is	  further	  evidence	  of	  interest	  in	  
the	  field.	  The	  goal	  was	  to	  “set	  a	  fundamental	  change	  in	  the	  way	  printed	  electronics	  
(PE)	  are	  designed	  and	  manufactured	   in	  Europe,	  with	   the	  aim	  of	   reducing	  costs	  and	  
time-­‐to-­‐market	  by	  more	  than	  an	  order	  of	  magnitude	  for	  more	  complex	  designs	  than	  
ever	   before	   by	   addressing	   thousands	   of	   transistors	   on	   a	   substrate”	   (Carrabina	  
Bordoll,	   2014).	   The	   aim	   was	   to	   develop	   a	   methodology	   (adopting	   one	   previously	  
used	   for	   silicon	  microelectronics),	   which	   would	   enable	   application-­‐specific	   printed	  
electronics	   circuit	   implementation,	   designed	   to	   “abstract	   physics	   to	   a	   point	  where	  
engineers	  could	  address	  physical	  design	  with	  sufficient	  certainty	  and	  great	  freedom	  
for	   creativity”.	   This	   interest	   and	   investment	   displays	   strong	   enthusiasm	   to	   spark	  
creativity	   within	   the	   printed	   electronics	   field,	   and	   thus	   works	   towards	   the	  
development	  of	  a	  mutual	   language	  for	  this	  technology	  that	  a	  variety	  of	  people	  can	  
understand.	   However,	   the	   methodology	   utilised	   focused	   mainly	   on	   the	   way	   the	  
technology	  is	  designed	  and	  manufactured,	  rather	  than	  on	  getting	  designers	  involved	  
with	  the	  technology.	  
	  
Once	  the	  standardisation	  of	  printed	  electronics	  or	  a	  new	  technology	   is	  established,	  
those	  standardisation	  documents	  are	  often	  made	  available	  for	  people	  involved	  with	  
that	  technology	  to	  see	  and	  then	  the	  procedures	  that	  coincide	  with	  those	  documents	  
implemented	   through	   the	  manufacture	  processes	   themselves	  used	   to	  produce	   the	  
technology.	  With	  standardisation	  and	  procedures	  to	  follow	  or	  implement	  also	  comes	  
the	   topic	   of	   training	   individuals,	   educating	   them	   on	   the	   technology	   itself,	  
manufacturing,	  and	  how	  to	  make	  commercially	  viable	  outputs.	  
	  
	  
2.9	  Printed	  electronics	  training	  	  
	  
There	  are	  a	  few	  training	  courses	  and	  educational	  programmes	  available	  on	  the	  topic	  
of	  printed	  electronics	   that	  have	   recently	  emerged	   (since	  2013).	  They	  vary	  vastly	   in	  
their	  duration	  from	  three	  days	  long	  (short	  course)	  to	  one	  year	  (postgraduate	  masters	  
level).	  	  	  
	  
Back	  in	  2013	  the	  ‘Commercialisation	  of	  Organic	  and	  Large	  Area	  Electronics’	  (COLAE)	  
ran	  a	  range	  of	  short	  courses	  on	  organic	  large	  area	  electronics	  (OLAE)	  that	  ran	  from	  
September	   2013	   to	   June	   2014.	   The	   courses	  were	   aimed	   at	   giving	   researchers	   and	  
graduates	  a	  “firm	  understanding	  of	  organic	  electronics	  and	  direct	  hand-­‐on	  experience	  
at	  Europe’s	  leading	  organic	  electronics	  organisations”.	  The	  courses	  covered	  a	  range	  
of	  topics,	  such	  as:	  OLAE	  smart	  systems,	  OLED	  lighting	  and	  display	  technology,	  OLAE	  
production,	  photovoltaics,	  and	  organic	  TFT-­‐based	  technologies.	  Places	  were	   limited	  
to	   10-­‐15	   participants	   due	   to	   the	   hands-­‐on	   nature	   of	   the	   training	   courses	   (COLAE,	  
2013a).	  One	  of	  their	  OLAE	  training	  courses	  considered	  to	  be	  an	  ‘alignment	  module’	  
was	  prior	  to	  this	  and	  was	  held	  in	  July	  2013	  for	  a	  3	  day	  duration,	  it	  cost	  €725	  and	  was	  
combined	   with	   a	   Nanoscience	   and	   Nanotechnologies	   conference,	   held	   in	  
Thessaloniki,	  Greece	  it	  aimed	  to	  introduce	  the	  attendees	  to	  the	  main	  areas	  of	  OLAE,	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such	   as:	   “small	   molecule	   and	   polymer	  materials,	   device	   structures,	   manufacturing	  
methods	  and	  applications”	  (COLAE,	  2013b).	  The	  ‘OLAE	  Enterprisers’	  course	  was	  held	  
in	   September	   2013	   and	   was	   4	   days	   in	   duration	   and	   was	   a	   collaboration	   with	   the	  
COLAE	  and	  the	  ‘Centre	  for	  Entrepreneurial	  Learning’	  with	  Cambridge	  University.	  The	  
course	  was	   described	   as	   ‘fun’	   and	   ‘action-­‐oriented’	   and	   the	   fee	   for	   attending	  was	  
£1000.	  The	  programme	  aimed	  to:	  “Create	  new	  business	  opportunities	  and	  potential	  
applications	  for	  OLAE	  technologies;	  Unlock	  the	  “can-­‐do”	  attitude,	  unleash	  creativity	  
and	   foster	   an	   entrepreneurial	   spirit;	   Encourage	   the	   cross-­‐fertilisation	   of	   ideas	   in	  
response	   to	   end	   user	   needs”	   (UK	   Plastic	   Electronics,	   2013a;	   UK	   Plastic	   Electronics,	  
2013b).	  
	  
	  
Oulu	  University	  of	  Applied	  Sciences,	  School	  of	  Engineering	  held	  a	  ‘printed	  electronics	  
intensive	   course’	   in	   2014,	   which	   was	   a	   week	   in	   duration	   and	   had	   a	   hands-­‐on	  
approach	  to	  teaching	  about	  the	  technology.	  It	  offered	  participants	  the	  “opportunity	  
to	   learn	   the	   usage	   of	   different	   printing	   methods,	   what	   can	   be	   printed	   and	   some	  
design	  hints”	  and	  after	  participating	  in	  the	  event:	  “you	  will	  have	  basic	  skills	  on	  how,	  
what	   and	   why	   to	   print	   with	   different	   printed	   technology	   equipment	   including	  
silkscreen,	   inkjet,	   dispensing	   and	   R2R	   flexo,	   gravure	   and	   hot	   embossing”.	   They	  
described	   printed	   technology	   as	   being	   based	   on:	   large	   area	   high-­‐volume	   printing	  
(mass-­‐manufacturing	  methods),	  new	  kind	  of	  use	  for	  existing	  and	  advanced	  materials	  
with	   adequate	   printability	   and	   electrical	   functionality,	   and	   functionality	   from	  
biotechnology,	   optics,	   electronics,	   optoelectronics,	   and	   chemistry	   etc.	   (OAMK,	  
2015).	  
	  
Since	  2015,	  Grenoble’s	  INP-­‐PAGORA	  engineering	  school	  offers	  a	  program	  on	  printed	  
electronics	  (in	  partnership	  with	  ISORG)	  that	  they	  say	  is:	  “designed	  to	  meet	  the	  needs	  
of	  an	  emerging	   industry,	  a	  combination	  of	  graphics	  and	  electronics,	  which	   is	  bound	  
to	   create	   jobs”.	  The	  objectives	  of	   the	  program	  are	   to	  develop	   training	  and	  skills	   in	  
printed	  electronics	  for	  sector	  industrialists,	  and	  increase	  interaction	  with	  business	  in	  
training	  and	  research	  (AEPI,	  2015).	  Confluences	  Institute,	  a	  think	  tank	  in	  the	  Rhone-­‐
Alpes	   region	   recently	   granted	   the	   ‘Industry	   Award	   for	   Adaptability	   and	  
Competitiveness’	   to	   ISORG	   for	   the	   partnership	   (AEPI,	   2015;	   Grenoble	   INP-­‐Pagora,	  
2015).	   The	   course	   is	   described	   as	   being	   “geared	   towards	  meeting	   the	   needs	   of	   an	  
emerging	   job-­‐creating	   sector,	   one	   that	   has	   seen	   the	   graphic	   and	   electronics	  
industries	   converge”,	   the	   processes	   covered	   in	   the	   program	   are	   flexography,	  
rotogravure,	  screen	  printing,	  and	  inkjet	  printing;	  on	  their	  webpage	  they	  express	  that:	  
“This	  new	  job-­‐creating	  sector	  is	  growing	  day	  by	  day”.	  The	  aims	  of	  the	  collaboration	  
were	  to	  develop	  skills	  and	  training	  programmes	  in	  the	  printed	  electronics	  field	  “for	  
the	  benefit	  of	  firms	  operating	  in	  this	  emerging	  sector”	  (Grenoble	  INP-­‐Pagora,	  2015),	  
this	  appears	  to	  benefit	  all	  involved	  as	  it	  offers	  training	  to	  individuals	  who	  would	  like	  
to	   work	   in	   this	   field	   and	   also	   providing	   them	   with	   jobs,	   and	   therefore	   benefits	  
printed	  electronics	   firms	  as	   this	  means	   that	   they	   can	   then	  expand	   their	  workforce	  
and	  business.	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The	   Canadian	   Printable	   Electronics	   Industry	   Association	   (CPEIA)	   (who	   is	   a	   not-­‐for-­‐
profit	  organisation)	  offer	  a	  ‘training	  program’	  that	  is	  three	  days	  of	  hands	  on	  start-­‐up	  
training	  for	  printed	  and	  flexible	  electronics.	  The	  program	  is	  open	  to	  anyone	  and	  costs	  
$2,995	  per	  person	  plus	  taxes,	  the	  program	  is	  in	  collaboration	  or	  partnership	  with	  the	  
Printability	   and	   Graphic	   Communications	   Institute	   (ICI)	   and	   the	   National	   Research	  
Council	  of	  Canada	  (NRC)	  (Canadian	  Printable	  Electronics	  Industry	  Association,	  2016a;	  
Canadian	   Printable	   Electronics	   Industry	   Association,	   2016b).	   They	   describe	   their	  
training	  as	  a	  “must-­‐have	  starting	  point	  for	  those	  who	  want	  to	  get	  started	  with	  PE	  and	  
learn	  the	   fundamentals”	  and	  that	  participants	  with	  receive	  hand-­‐on	   learning	  about	  
“the	  design,	  processes	  and	  materials	  for	  new	  product	  development”.	  They	  have	  three	  
very	   specific	   target	   audiences;	   one	   of	   which	   is	   ‘designers	   and	   new	   product	  
developers’	   who	   are	   involved	   in	   “creating	   new	   value-­‐added	   features	   or	   new	  
products”	  (Canadian	  Printable	  Electronics	  Industry	  Association,	  2016a).	  	  
	  
They	   also	   have	   very	   specific	   criteria	   that	   they	   want	   the	   people	   who	   attend	   the	  
program	  to	  fit:	  	  
• “Want	   to	   learn	   how	   to	   design	   value-­‐added	   features	   and	   new	   applications	  
using	  PE	  	  
• Need	  to	  know	  what	  is	  available/feasible	  in	  sub-­‐components,	  substrates,	  inks,	  
manufacturing	  processes	  and	  resources	  to	  create	  new	  products,	  features	  and	  
applications	  	  
• Work	   in	   a	   related	   field	   and	   need	   to	   fast	   track	   to	   have	   the	   knowledge	   to	  
develop	  in	  PE	  	  
• Don’t	   currently	   use	   PE	   in	   your	   products	   or	   manufacturing	   processes,	   but	  
would	   like	   to	   do	   so”	   (Canadian	   Printable	   Electronics	   Industry	   Association,	  
2016a)	  
	  
Standard	  enrolment	   is	  also	   stated	  as	  being	   two	   teams	  of	   five	  participants	   for	  each	  
course,	   and	   that	   the	   course	   is	   comprised	   of	   both	   theory	   and	   practice.	   The	   theory	  
covers	  an	  introduction	  to	  printed	  electronics,	  existing	  methods	  and	  capabilities	  such	  
as	  advantages,	  disadvantages,	  options,	  and	   limitations,	  typical	  system	  components,	  
existing	   subcomponents	   (e.g.	   displays,	   batteries,	   sensors,	   etc.),	   engineering	   design	  
considerations,	   and	   manufacturing	   considerations	   and	   conclusions.	   The	   practice	  
covers	  four	  main	  areas:	  1)	  ink	  formulation	  and	  proofing,	  2)	  design	  consideration	  and	  
prepress,	  3)	  multilayer	  printing,	  and	  4)	  hybrid	  press	  (Canadian	  Printable	  Electronics	  
Industry	  Association,	  2016a).	  	  
	  
Peter	   Kallai	   (President	   and	   CEO	   of	   CPEIA)	   spoke	   about	   the	   training	   program,	  
explaining	  that:	  	  
“This	  training	  was	  developed	  in	  response	  to	  the	  broader	  industry’s	  interest	  in	  
adding	   printable	   electronics	   to	   their	   product	   development	   toolkits	   for	   a	  
number	  of	  vertical	  markets,	  such	  as	  packaging,	  intelligent	  homes	  and	  health	  
care	   …	   Smart	   features	   created	   with	   printable	   and	   flexible	   electronics	   can	  
power	  the	  Internet	  of	  Everything.	  Products	  can	  be	  enabled,	  at	  a	  low	  cost	  and	  
in	   high	   volume,	   to	   interact	   through	   the	   Internet	   with	   consumers,	   brand	  
owners	   and	   other	   members	   of	   the	   supply	   chain”	   (Canadian	   Printable	  
Electronics	  Industry	  Association,	  2016b)	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The	   Cal	   Poly,	   San	   Luis	  Obispo	   State	  University	   run	   a	   course	   that	   is	   a	   ‘professional	  
certificate	  in	  printed	  electronics	  and	  functional	  imaging’,	  they	  say	  that	  “Each	  student	  
will	  actively	  design	  and	  produce	  a	  variety	  of	  printed	  electronics,	  active	  packaging,	  or	  
security	  items,	  working	  in	  Cal	  Poly's	  well-­‐equipped	  laboratories.	  Students	  will	  develop	  
an	  understanding	  of	  environmental	  conditions	  needed,	  process	  control	  requirements,	  
and	   the	   techniques	   used	   to	   produce	   functional	   printing	   devices.	   Students	  will	   gain	  
experience	   in	   researching,	   specifying,	   developing,	   and	   procuring	   technology	   to	  
commercialize	  products”.	  They	  also	  say	  about	  career	  opportunities	  after	  graduating	  
from	   this	   course	   as	   the	   possibility	   of	   achieving	   management	   levels	   focused	   on:	  
“equipment	   acquisition,	   product	   design,	   product	   development,	   scaling	   and	  
commercialization,	  technology	  deployment,	  material	  specification	  development,	  and	  
operations	   management	   in	   private	   and	   public	   companies,	   research	   labs,	   and	  
government	  agencies”	  (California	  Polytechnic	  State	  University,	  2015a).	  They	  also	  say	  
that	  their	  program	  “will	  prepare	  you	  with	  the	  knowledge	  you	  need	  to	  succeed	  in	  this	  
rapidly	  growing	  field”	  and	  with	  their	  professional	  certificate,	  the	  students	  or	  scholars	  
should	  be	  prepared	  to	  move	  into	  high-­‐technology	  companies	  or	  impact	  their	  existing	  
business	  “with	  a	  better	  understanding	  of	  functional	  printing”	  (California	  Polytechnic	  
State	  University,	  2015b).	  	  
	  
According	  to	  the	  Cal	  Poly	  website,	  it	  states	  that	  there	  would	  be	  18	  units	  to	  complete	  
to	  finish	  the	  course,	  so	  it	  would	  cost	  $9000	  as	  the	  cost	  is	  calculated	  at	  $500	  per	  unit.	  
This	   professional	   certificate	   appears	   to	   have	   started	   since	   the	   academic	   year	   of	  
2014/15	  (California	  Polytechnic	  State	  University,	  2015c;	  California	  Polytechnic	  State	  
University,	  2015d).	  With	  their	  website	  stating	  that	  a	  possible	  career	  opportunity	  with	  
their	   professional	   certificate	   could	   be	   at	   management	   level	   focussed	   on	   product	  
design	   or	   product	   development,	   and	   that	   it	   actually	   appears	   that	   the	   ‘design’	  
element	  in	  the	  course	  is	  actually	  creating	  the	  electronic	  files	  themselves,	  which	  can	  
then	   be	   printed	   out	   of	   conductive	   ink	   (or	   other	  materials),	   and	   then	   the	   students	  
would	   watch	   that	   file	   be	   printed,	   the	   term	   ‘product	   design’	   or	   the	   ‘product’	  
produced	   could	   be	   misleading	   to	   a	   potential	   students	   browsing	   the	   course,	  
particularly	  design	  students	  as	  they	  would	  be	  familiar	  with	  these	  key	  words	  in	  their	  
undergraduate	   studies	   and	   may	   think	   that	   the	   course	   involves	   ideation,	   model	  
making,	  etc.	  with	  this	  technology.	  
	  
	  
The	  Imperial	  College	  London	  university	  have	  their	  own	  ‘Centre	  for	  Plastic	  Electronics’	  
which	  is	  in	  the	  field	  of	  printable	  electronics	  (Imperial	  College	  London,	  2016a),	  where	  
they	  run	  a	  Centre	  for	  Doctoral	  Training	  (CDT)	  in	  Plastic	  Electronics,	  a	  4	  year	  course,	  
starting	  with	  a	  12	  month	  MRes	  programme	   in	  Plastic	  Electronic	  Materials	   followed	  
by	   the	   3	   year	   PhD	   where	   students,	   guided	   by	   two	   supervisors	   from	   different	  
disciplines,	  can	  pursue	  their	  chosen	  research	  area	  in	  depth.	  To	  apply	  for	  the	  course,	  
applicants	   must	   have	   a	   minimum	   of	   a	   2:1	   Honours	   undergraduate	   degree	   in	  
chemistry,	  electrical	  engineering,	  materials	  science,	  chemical	  engineering,	  physics,	  or	  
a	   related	   discipline;	   a	   master’s	   degree	   is	   not	   required.	   They	   also	   say	   that	  
studentships	   are	   also	   available	   and	   are	   aligned	   with	   a	   research	   project	   and	   fully	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funded	  studentships	  for	  certain	  projects	  for	  the	  MRes	  and	  PhD	  programme	  are	  also	  
available	  (Imperial	  College	  London,	  2016b).	  
	  
	  
The	  Organic	  and	  Printed	  Electronic	  Association	  (OE-­‐A)	  have	  ‘training	  and	  education’	  
in	   the	   area	   with	   their	   ‘OE-­‐A	  Working	   Group	   Education’	   that	   people	   can	   join,	   the	  
working	  group’s	  objective	  is	  to	  list	  the	  state-­‐of-­‐the-­‐art	  university	  activities	  in	  the	  field	  
of	   large	   area,	   organic	   and	   printed	   electronics	   in	   Europe,	   North	   America	   and	   Asia.	  
They	   say	   that	   this	   will	   contribute	   to	   future	   steps,	   such	   as:	   1)	   identifying	   publicly	  
available	  courses	  and	  needs	  of	   the	  organic	  and	  printed	  electronics	   industry,	  and	  2)	  
providing	  information	  on	  continuing	  education	  on	  a	  web	  portal	  (OE-­‐A,	  2016a).	  Their	  
OE-­‐A	  working	   group	   is	   a	   networking	   and	   communication	   platform,	   and	   they	   have	  
regular	   meetings	   which	   forms	   partnerships	   between	   companies	   and	   research	  
institutes	  (OE-­‐A,	  2016b).	  On	  their	  webpage	  about	  their	  training	  and	  education,	  they	  
also	  promote	  their	  book	  called	   ‘Organic	  and	  Printed	  Electronics:	  Fundamentals	  and	  
Applications’	   by	   Giovanni	   Nisato,	   Donald	   Lupo,	   and	   Simone	   Ganzto,	   offering	   OE-­‐A	  
members	  a	  20%	  discount	  as	  it	  evolved	  out	  of	  the	  OE-­‐A	  Working	  Group	  Education.	  It	  
is	  not	  clear	  whether	  this	  book	  has	  anything	  to	  do	  with	  their	  ‘training	  and	  education’	  
that	  they	  offer,	  but	  it	  could	  potentially	  offer	  insight	  into	  their	  approach	  towards	  the	  
technology	  and	  how	  it	  could	  be	  taught	  in	  terms	  of	  an	  introduction	  to	  the	  technology.	  
The	   OE-­‐A	   emphasise	   the	   importance	   of	   training	   and	   education	   as	   their	   major	  
objective	  is	  to	  “build	  a	  bridge	  between	  science,	  technology	  and	  applications”	  (OE-­‐A,	  
2016a).	  	  
	  
	  
Some	   printed	   electronics	   companies	   also	   provide	   training	   on	   the	   technology.	   The	  
company	   ‘Chromaline’	   screen	   print	   electronics	   (Chromaline,	   2016a)	   and	   offer	   an	  
insight	  into	  screen	  making	  at	  their	  ‘training	  center’	  from	  their	  technical	  expert	  who	  is	  
an	   ‘Applications	   Training	   Specialist’	  with	   over	   35	   years	   of	   experience	   (Chromaline,	  
2016b).	  	  
	  
The	   company	   ‘Printed	   Electronics	   Ltd’	   (PEL)	   offer	   inkjet	   and	   printed	   electronics	  
training	   courses	   to	   universities,	   companies,	   and	   research	   organisations	   (Printed	  
Electronics	  Ltd,	  2016a).	  They	  provide	  in-­‐depth	  or	  basic	  training	  on	  functional	  printing	  
and	  explain	  that	  inkjet	  printing	  has	  a	  particularly	  steep	  learning	  curve,	  they	  say:	  “We	  
have	   been	   providing	   our	   expert	   training	   for	   almost	   a	   decade	   to	   a	   large	   variety	   of	  
institutions”	   (Printed	   Electronics	   Ltd,	   2016b).	   Their	   two	   main	   training	   areas	   are:	  
‘basics	   of	   printed	   electronics’	   and	   ‘advanced	   inkjet	   and	  material	   deposition’.	   Their	  
typical	   course	   content	   would	   be:	   Inkjet	   technology	   –	   the	   basics	   Ink	   rheology	   for	  
advanced,	   functional	   and	   nanoparticulate	   inks	   -­‐	   Drop	   visualisation;	   Ink	  
drop/substrate	   interactions	   and	   spread	   characteristics	   -­‐	   Substrate	   surface	  
modification	  methods;	  Printing	  and	  functionalisation	  of	  electronically	  functional	  inks	  
using	  Pixdro,	  Dimatix	  and	  PEL	  printing	  systems	  (Printed	  Electronics	  Ltd,	  2016c).	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Short	  courses	  on	  printed	  electronics	  are	  also	  occasionally	  held	  at	  conferences	  such	  
as	  at	   ‘2016	  FLEX:	  Building	   the	   Innovation	  Ecosystem	  for	  Flexible	  Electronics’	  where	  
they	  held	  an	  introduction	  to	  printed	  electronics	  to	  cover	  the	  basics,	  and	  a	  preparing	  
for	   ‘readiness	   levels’	   covering	   the	   fundamentals	   of	  manufacturing	   readiness	   levels	  
and	   technology	   readiness	   levels	   courses	   in	   the	  morning.	   In	   the	  afternoon	   they	   ran	  
courses	   on	   flexible	   hybrid	   electronics	   (FHE),	   and	   fusion	   of	   fashion	   and	   function:	  
textiles	   as	   a	   platform	   for	   flexible	   electronics.	   Their	   courses	   aimed	   to	   teach	   the	  
foundations	   of	   printed	   electronics,	   including:	   introduction	   to	  market	   segments,	   an	  
overview	   of	   manufacturing	   strategies,	   survey	   of	   technologies	   used	   for	   producing	  
printed	  electronics,	  and	  how	  a	  company	  transitions	  to	  become	  a	   functional	  printer	  
(FLEX,	  2016).	  
	  
	  
In	   June	   2014,	   an	   interview	   with	   Don	   Carli	   (curator	   of	   GAAmericas	   Fourth	   Printed	  
Electronics,	  Functional	  Printing	  &	  Intelligent	  Packaging	  Symposium)	  revealed	  that	  as	  
the	  printed	  electronic	  symposiums	  progressed,	  it	  was	  found	  that	  showing	  early	  pilot	  
projects	  helped	  people	  learn	  ‘what	  to	  do’	  and	  ‘what	  not	  to	  do’	  with	  the	  technology.	  
At	   the	   fourth	   symposium	   the	   emergence	   of	   concrete	   applications	   and	   industries	  
were	  showcased	  in	  which	  have	  become	  excited	  by	  the	  technology’s	  prospects.	  These	  
were	  categorised	  as	  follows	  (Romano,	  R.,	  2014):	  
	  
Tags	  and	  Labels:	  ‘cold-­‐chain’	  applications	  for	  pharmaceutical	  and	  food	  packaging	  and	  
shipping,	   for	   perishable	   foods	   and	   drugs	   that	   need	   to	   be	  maintained	   at	   a	   certain	  
temperature.	  Printed	  smart	  tags	  can	  replace	  much	  more	  expensive	  ways	  of	  ensuring	  
that	   the	  cold	  chain	  has	  not	  been	  broken	  as	   they	  can	  continuously	   log	  temperature	  
for	   up	   to	   a	  month,	   this	   data	   can	   be	   stored	   and	   read	   using	   a	   smartphone	   through	  
near-­‐field	  communication	  (NFC).	  	  
	  
Sensors	   and	   Wearables:	   printed	   sensors	   can	   be	   used	   in	   military	   and	   sports	  
applications	  by	   implanting	   them	   into	   impact-­‐sensing	  helmets.	  Printed	   floor	  sensors	  
could	   be	   installed	   in	   nursing	   homes	   or	   hospitals	   in	   order	   to	   gather	   data	   about	   a	  
patients’	  gate	  and	  changes	  in	  their	  gate	  that	  could	  reveal	  potential	  pathologies	  such	  
as	  certain	  forms	  of	  dementia	  or	  predict	  when	  an	  elderly	  patient	   is	   likely	  to	  suffer	  a	  
fall.	   Wearable	   sensors	   are	   a	   popular	   application,	   such	   as	   the	   screen-­‐printed	  
biosensing	   temporary	   tattoo	  by	   the	  company	   ‘Electrozyme’	   that	   communicates	  via	  
NFC	   with	   an	   armband,	   watch,	   or	   other	   wearable	   monitors.	   It	   analyses	   the	   users	  
sweat	   to	   “glean	  data	  about	  metabolic	   functions	   that	  other	   types	  of	  monitors	   can’t	  
measure”	  (Romano,	  R.,	  2014),	  such	  as	  heart	  rate	  but	  also	  ketone	  levels	  in	  the	  blood,	  
hydration	   levels,	   and	   ammonia.	   Potential	   applications	   are	   in	   sports,	   health	   and	  
wellness,	   and	   also	   the	  military	   such	   as	   if	   people	   are	   put	   in	   stressful	   situations	   or	  
where	  hydration	  could	  potentially	  affect	  cognitive	  function.	  	  
	  
Lighting:	  where	  light	  is	  generated	  from	  the	  substrate	  leading	  to	  the	  development	  of	  
organic	   light-­‐emitting	   diodes	   (OLEDs)	   and	   organic	   light-­‐emitting	   polymers	   (OLEPs).	  
This	  then	  lead	  to	  research	  that	  concentrates	  on	  solely	  light	  generation	  where	  most	  is	  
printed	  electronics-­‐based	  with	  one	  variant	  utilising	  LED-­‐based	  inks	  whose	  pigments	  
are	  tiny	  components	  of	   light-­‐emitting	  diodes.	  A	  flexible	   light	  source	  can	  be	  created	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by	   depositing	   these	   inks	   on	   a	   conducting	   substrate.	   These	   can	   be	   considered	   in	  
relation	  to	  a	  building’s	  2x2	  ceiling	  grid	  lighting	  with	  drop-­‐in	  fixtures,	  by	  using	  2x2	  tiles	  
that	  are	  made	  from	  an	  organic	  light-­‐emitting	  polymer,	  making	  the	  tile	  itself	  the	  light.	  
These	   tiles	  would	   last	   for	   25	   years	   and	  use	   small	   amounts	  of	   energy	   compared	   to	  
existing	  lighting	  such	  as	  florescent	  lighting,	  also	  it	  changes	  the	  form	  factor	  of	  lighting.	  	  
	  
Automotive	   and	   Aerospace:	   printed	   electronics	   can	   replace	   the	   buttons,	   lights,	  
knobs,	  and	  switches	  on	  the	  dashboard	  of	  a	  car	  to	  create	  a	  surface	  that	  is	  capable	  of	  
being	  ‘one	  big	  switch’	  as	  the	  surface	  can	  be	  “subdivided	  into	  individual	  touch	  controls	  
that	  activate	  different	  functions”	  (Romano,	  R.,	  2014),	  it	  could	  also	  be	  applied	  within	  
the	  aerospace	  industry	  in	  areas	  such	  as	  the	  aircraft	  controls.	  	  
	  
	  
Whilst	  a	  lot	  of	  these	  printed	  electronics	  technology	  training	  programs	  or	  courses	  talk	  
about	  applications,	  product	  design,	  and	  product	  development,	  none	  of	  them	  appear	  
to	  have	  created	  a	  clear	   link	  between	  designers	  and	  the	  technology	  with	  regards	  to	  
the	   methods	   and	   language	   used	   in	   communication	   of	   the	   technology.	   Also	   all	   of	  
them	   appear	   to	   be	   run	   by	   and	   involve	   technologists	   who	   are	   experts	   in	   the	  
technology,	  who	  may	  use	  a	  lot	  of	  technical	  language	  and	  terminology;	  this	  could	  be	  
confusing	  to	  designers.	   It	  may	  be	  the	  case	  that	   these	  training	  programs	  or	  courses	  
are	  not	  actually	  aimed	  at	  designers,	  perhaps	  more	  at	  management	  level	  or	  business	  
owners	  who	  are	  looking	  to	  adopt	  this	  new	  technology.	  	  
	  
	  
2.10	  OE-­‐A	  competition	  
	  
In	   2010	   the	   OE-­‐A	   started	   their	   ‘OE-­‐A	   Demonstrator	   Competition’	   that	   was	   an	  
outcome	  from	  their	  Demonstrator	  Working	  Group;	  it	  was	  for	  “young	  engineers	  and	  
scientists	  to	  develop	  visionary	  applications	  based	  on	  organic	  and	  printed	  electronics”	  
(OE-­‐A,	   2015c,	   pp.1-­‐2).	   It	  was	   a	   chance	   for	   participants	   to	   “develop	   their	   visions	  by	  
providing	  organic	  and	  printed	  electronics	  devices	  as	  illustrated	  in	  the	  Toolbox”	  (OE-­‐A,	  
2015c,	   pp.1-­‐2)	   in	   which	   this	   toolbox	   contained	   over	   35	   organic	   and	   printed	  
electronics	  devices	   from	  different	  companies	  who	  are	  members	  of	   the	  OE-­‐A	  and	   is	  
regularly	   expanding.	   The	   OE-­‐A	   Demonstrator	   Working	   Group	   also	   developed	   the	  
‘Toolbox	  Catalogue’	  that	  contains	  a	  datasheet,	  with	  technical	  specifications	  for	  each	  
device	  within	   the	   toolbox,	   including	   contact	   information	   of	   the	   producer	   for	   each	  
device.	  The	  competition	  has	  been	  developed	  further	  since	  2010	  as	   it	  became	  more	  
successful	  (OE-­‐A,	  2015c,	  pp.1-­‐2).	  
	  
In	   2014	   a	   new	   category	  was	   introduced	   in	   the	   competition	   called	   ‘Prototypes	   and	  
New	   Products’	   (OE-­‐A,	   2016c)	   and	   following	   this,	   in	   2015	   the	   competition	   was	  
renamed	  as	  ‘OE-­‐A	  Competition’	  to	  draw	  attention	  to	  the	  technological	  developments	  
as	  it	  is	  regarded	  as	  “now	  ready	  for	  the	  market”.	  This	  new	  version	  of	  the	  competition	  
now	  welcomes	   designers	   to	   enter,	   offering	   “student	   groups	   as	   well	   as	   companies	  
and	   designers	   the	   opportunity	   to	   develop	   their	   vision	   by	   providing	   organic	   and	  
printed	   electronics	   devices	   from	   the	   Toolbox”	   (OE-­‐A,	   2015c,	   pp.1-­‐2).	   The	   OE-­‐A	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Toolbox	   Catalogue	   for	   2015/2016	   categorises	   the	   components	   included	   in	   the	  
toolbox	   into	   ‘active	   components’	   and	   ‘passive	   components’;	   it	   then	   also	   has	   two	  
further	  sections	  on	  ‘materials’	  and	  ‘equipment’	  (Figure	  100).	  
	  
The	  datasheets	  for	  these	  components	  vary	  quite	  a	  lot,	  each	  one	  appearing	  to	  be	  of	  a	  
different	  writing	  style.	  Further	  to	  this	  observation,	  whilst	  a	  lot	  of	  the	  information	  on	  
the	  datasheets	  are	  very	  technical,	  some	  provide	  information	  that	  may	  appeal	  more	  
to	  designers,	  such	  as	  a	  clear	  description	  of	  what	  the	  component	  is,	  and	  also	  possible	  
applications	   examples;	   a	   good	   example	   of	   this	   is	   the	   datasheet	   for	   a	   disposable	  
printed	  battery	  (Figure	  101),	  in	  the	  Toolbox	  Catalogue	  the	  company’s	  contact	  details	  
follow	   this	   technical	   information,	   and	   the	   reader	   is	   made	   aware	   that	   the	  
components	  are	  for	  the	  use	  in	  demonstrators	  only	  and	  that	  they	  should	  contact	  the	  
company	  directly	  to	  if	  they	  are	  interested	  in	  the	  component.	  
	  
The	   general	   information	   document	   for	   the	   OE-­‐A	   Competition	   2017	   (OE-­‐A,	   2016d)	  
includes	   more	   detailed	   information	   on	   the	   different	   categories,	   and	   also	   who	   is	  
welcome	   to	   entering	   each	   category.	   There	   are	   five	   categories	   available:	   1)	  
Prototypes	  and	  New	  Products,	  2)	  Freestyle	  Demonstrator,	  3)	  Publicly	  Funded	  Project	  
Demonstrator,	  4)	  Printed	  Electronics	  Vision,	  and	  5)	  Public	  Choice	  Award.	  From	  these	  
categories,	  only	  four	  of	  them	  are	  categories	  of	  choice,	  as	  all	  entries	  are	  automatically	  
entered	  into	  the	  fifth	  category	  ‘Public	  Choice	  Award’.	  It	  states	  at	  the	  beginning	  of	  the	  
categories	   section	   of	   the	   document	   that:	   “The	   demonstrators	   shall	   be	   based	   on	  
printed/organic	  electronic	  devices	  and	  –	  except	  for	  the	  category	  “Printed	  Electronics	  
Vision”	  –	  must	  be	  constructed	  by	  at	  least	  one	  OE-­‐A	  member.”	  (OE-­‐A,	  2016d)	  this	  is	  as	  
designers	   are	   only	   actually	   allowed	   to	   enter	   one	   category:	   ‘Printed	   Electronics	  
Vision’,	   all	   other	   categories	   need	   the	   involvement	   of	   an	   OE-­‐A	   member.	   In	  
comparison	  to	  the	  other	  categories,	  this	  one	  open	  to	  designers	  is	  really	  limiting	  in	  its	  
scope,	  and	  is	  described	  as	  follows:	  
	  
“Printed	  Electronics	  Vision	  –	  Open	  to	  everyone	  dealing	  with	  organic	  &	  printed	  
electronics.	  Participants	  are	  supposed	  to	  develop	  new	  applications	  and	  visions	  
based	   on	   printed/organic	   electronics	   devices	   that	   cannot	   be	   presented	   as	  
demonstrators.	  Proposals	  have	  to	  include	  the	  unique	  features	  of	  organic	  and	  
printed	  electronics:	   thin,	   lightweight,	   flexible,	  and	   robust.	  Proposals	  have	   to	  
be	  submitted	  as	  a	  short	  abstract,	  poster,	  or	  draft.”	  (OE-­‐A,	  2016d)	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Figure	  100	  -­‐	  Components	  included	  in	  Toolbox	  –	  Datasheets	  for	  each	  of	  these	  
provided	  in	  the	  Toolbox	  Catalogue	  
(OE-­‐A,	  2015c,	  p.	  3)	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Figure	  101	  -­‐	  Datasheet	  example:	  Enfucell’s	  disposable	  printed	  battery	  
(OE-­‐A,	  2015c,	  p.	  7)	  
	  
	  
In	  all	   the	  other	  categories	   (that	  have	  to	   involve	  an	  OE-­‐A	  member)	   the	  content	  and	  
outputs	   are	   very	   technology	   focussed,	   with	   working	   demonstrator	   and	   prototype	  
outputs	  required.	  However,	  a	  hands-­‐on	  approach	  with	  the	  technology	  would	  benefit	  
designers	  greatly	  in	  understanding	  the	  technology,	  and	  when	  designing	  with	  it.	  The	  
‘Printed	  Electronics	  Vision’	  category	  definition/brief	  (OE-­‐A,	  2016d)	  does	  not	  provide	  
a	  designer	  with	  enough	  information	  in	  order	  to	  design	  with	  this	  technology	  to	  it’s	  full	  
potential.	   The	   wording	   of	   this	   category	   is	   also	   very	   blunt	   in	   comparison	   with	   the	  
other	  categories,	  stating	  that	  the	  participants	  are	  just	  ‘supposed	  to’	  develop	  ‘visions’	  
and	  ‘new	  applications’	  which	  are	  based	  on	  technology	  that	  cannot	  be	  presented	  as	  a	  
demonstrator,	   and	   furthermore	   they	   are	   told	   that	   their	   ideas	   need	   to	   contain	   the	  
‘unique	  features’	  of	  this	  technology,	  being:	  lightweight,	  robust,	  flexible	  and	  thin.	  This	  
would	  be	  a	  very	  challenging	   task	   for	  designers,	  as	  without	  hands-­‐on	  experience	  or	  
any	   interaction	   with	   the	   technology,	   or	   even	   seeing	   other	   demonstrators,	   they	  
would	  have	  a	  very	  limited	  amount	  of	  information	  to	  go	  by	  when	  designing.	  Further	  
to	   this,	   the	   outputs	   required	   by	   the	   competition	   are	   also	   not	   supportive	   of	   the	  
design	  process,	  as	  they	  require	  it	  to	  be	  in	  a	  purely	  written	  form,	  with	  the	  exception	  
of	   perhaps	   a	   ‘poster’	   submission,	   but	   there	   is	   no	   suggestion	   or	   requirement	   of	  
illustrations,	   design	   concepts,	   or	   even	   the	   reasons	   behind	   their	   designs	   (new	  
applications	  or	  visions).	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A	  ‘hands-­‐on’	  approach	  and	  interaction	  with	  the	  technology,	  along	  with	  being	  able	  to	  
see	  and	  study	  previous	  and	  current	  demonstrators	  of	  the	  technology	  would	  benefit	  
the	  designers	  as	   it	  can	  also	   inspire	  designers	  as	  well	  as	  help	   them	   learn	  about	  and	  
understand	  the	  technology.	  This	  category	  description	  or	  brief	  does	  not	  seem	  to	  take	  
into	  consideration	  the	  creative	  process	   for	  a	  designer,	   it	  does	  not	  supply	  designers	  
with	  enough	  information	  about	  the	  technology	  and	  does	  not	  even	  allow	  designers	  to	  
express	   their	   design	   ideas	   in	   a	   visual	   form,	   as	   no	   illustrations	   or	   sketches	   were	  
mentioned	  at	  all,	  and	  the	  output	  appearing	  to	  only	  be	  required	  in	  written	  form.	  The	  
scoring	  or	  judging	  criteria	  also	  does	  not	  really	  appear	  to	  be	  tailored	  for	  the	  ‘Printed	  
Electronics	  Vision’	  category,	  as	   the	   five	   judging	  criteria	  appear	   to	  be	  more	   tailored	  
towards	  demonstrators,	  these	  are:	  1)	  Realization	  of	  demonstrator,	  2)	  Value	  added	  by	  
printed	  electronics,	  3)	  Degree	  of	  innovation,	  4)	  Attractiveness	  of	  target	  market,	  and	  
5)	  Attractiveness	  of	  product	  (OE-­‐A,	  2016d).	  	  
	  
Since	  the	  competition	  has	  changed	  its	  name	  and	  welcomed	  designers	  to	  enter,	  they	  
show	   images	   of	  many	   of	   the	  winners	   outputs	   (Figure	   102)	   but	   the	   only	   published	  
winner	   from	   the	   ‘printed	   electronics	   vision’	   category	   (the	   only	   one	   that	   designers	  
can	  enter)	  was	  in	  2016	  (OE-­‐A,	  2016c),	  and	  was	  “Papier-­‐Machine:	  Printed	  electronics	  
paper	  games”	   (OE-­‐A,	  2016e)	  by	   ‘Pluvinage	  &	  Pinaffo	  Co.	   from	  France.	  The	   ‘Papire-­‐
Machine’	  (Figure	  103)	  is	  described	  as:	  	  
	  
“The	   Papier-­‐Machine	   is	   a	   book	   collection	   of	   printed	   electronic	   paper	   toys	  
which	   shows	   that	   electronic	   components	   are	   nothing	   magical	   but	   just	  
chemical	   and	   physical	   principles.	   The	   book	   contains	   twelve	   electronic	   toys	  
made	  out	  of	  paper,	   to	  be	  cut,	  drawn,	   folded,	  built,	  and	  destroyed.	  Each	   toy	  
explains	  one	  or	  several	  electronic	  principles.	  All	   the	   toys	  are	  mainly	  working	  
prototypes;	   they	   are	   silkscreened	   on	   paper,	   with	   the	   use	   of	   silver,	   carbon,	  
cadmium	  and	  thermo-­‐chromic	  ink.”	  (OE-­‐A,	  2016e)	  
	  
	  
	  
Figure	  102	  -­‐	  Range	  of	  OE-­‐A	  Competition	  Winners	  
(OE-­‐A,	  2016d)	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Figure	  103	  -­‐	  Papier-­‐Machine:	  Printed	  electronics	  paper	  games	  -­‐	  Best	  Printed	  
Electronics	  Vision	  2016	  
(OE-­‐A,	  2016e)	  
	  
Seeing	   the	   winner’s	   design	   output	   from	   the	   ‘printed	   electronics	   vision’	   category	  
(Figure	   103),	   it	   is	   not	   apparent	   that	   any	   illustrations	   were	   submitted	   to	   the	  
competition,	  and	  instead,	  working	  prototypes	  have	  been	  submitted	  (OE-­‐A,	  2016e).	  
	  
Having	   a	   document	   to	   hand,	   such	   as	   the	   OE-­‐A	   toolbox	   catalogue,	   could	   be	   really	  
useful	   for	   designers	   in	   helping	   them	   to	   understand	   exactly	   what	   all	   the	   electrical	  
components	   functions	   are,	   their	   size,	   and	   also	   where	   they	   can	   source	   the	  
components,	  along	  with	  photos	  to	  help	  them	  visualise	  the	  components	  which	  could	  
also	   be	   a	   source	   of	   inspiration	   for	   them	  when	   integrating	   this	   technology	   in	   their	  
designs.	  	  
	  
2.11	  3D	  printing	  
	  
A	   technology	   or	   manufacturing	   method	   that	   designers	   are	   increasingly	   using,	  
particularly	  for	  creating	  prototypes,	  is	  3D	  printing.	  Designers	  can	  simply	  export	  their	  
3D	   CAD	  models	   to	   the	   correct	   file	   type,	   ready	   to	   send	   to	   the	   3D	   printer.	   The	   3D	  
printer	  then	  builds	  their	  prototype	  model	  using	  their	  data	  from	  their	  virtual	  3D	  CAD	  
model,	  this	  method	  of	  manufacture	  allows	  designers	  to	  create	  accurate	  prototypes	  
in	  a	  very	  short	  amount	  of	  time,	  that	  can	  be	  built	  out	  of	  a	  wide	  variety	  materials	  e.g.	  
plastic,	  rubber	  etc.	  There	  are	  now	  many	  3D	  printing	  machines	  available	  that	  can	  also	  
print	   conductive	  materials,	   such	   as:	   Voxel8,	   and	   the	   Voltera	   V-­‐one.	   However,	   the	  
majority	  of	  these	  machines	  work	  via	  an	  extrusion	  process,	  where	  a	  conductive	  paste	  
is	  extruded	  onto	  a	  surface,	  rather	  than	  the	  printing	  of	  conductive	  ink.	  3D	  printing	  is	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therefore	   regarded	   as	   an	   ‘additive	   manufacture’	   method,	   rather	   than	   a	   printing	  
process.	  Exceptions	  of	  this	  are	  the	  3D	  printing	  machines	  ‘The	  EX1’,	  ‘Squink’	  and	  the	  
‘Dragonfly	  2020’.	  This	   is	  due	  to	  them	  not	  actually	  using	  3D	  printing	  to	  produce	  the	  
conductive	  materials,	  they	  use	  inkjet	  printing	  instead.	  ‘Squink’	  (Figure	  104)	  extrudes	  
or	  ‘3D	  prints’	  the	  conductive	  glue	  onto	  the	  inkjet	  printed	  circuitry	  in	  order	  to	  attach	  
conventionally	   produced	   silicon	   electronic	   components,	   it	   is	   also	   a	   pick	   and	   place	  
machine	  to	  attach	  these	  components.	  	  
	  
Figure	  104	  –	  ‘Squink’	  3D	  printing	  machine	  –	  inkjet	  printed	  circuitry	  
(BotFactory,	  2015)	  
	  
One	  of	  the	  advantages	  of	  manufacturing	  printed	  electronics	  is	  to	  produce	  it	  via	  the	  
roll-­‐to-­‐roll	  method,	  where	  the	  electronics	  can	  be	  produced	  in	  vast	  volumes;	  these	  3D	  
printing	  machines	  do	  not	  offer	  this.	  	  
	  
2.12	  Summary	  
This	   literature	   review	   has	   shown	   how	   varied	   the	   definitions	   for	   design,	   product	  
design,	   and	   industrial	   design	   are,	   but	   also	   has	   assisted	   in	   identifying	   what	   these	  
definitions	  are	  in	  this	  research.	  It	  has	  shown	  that	  through	  the	  history	  of	  electronics	  
within	  designed	  products,	  how	   influential	   industrial	  designers	  are,	   in	  areas	   such	  as	  
technological	   product	   acceptance	   by	   users	   through	   designing	   products	   that	   will	  
enhance	   user	   experience,	   and	   how	   designers	   respond	   to	   the	   opportunity	   of	   the	  
miniaturisation	  of	  electronics	   through	  changing	   the	  shape	  and	   form	  of	  products.	   It	  
has	  shown	  the	  history	  of	  printing	  processes,	  the	  printing	  processes	  used	  for	  printed	  
electronics,	   the	   increasing	   numbers	   of	   printed	   electronics	   product	   examples	  
appearing	   in	   different	   sectors,	   the	   differences	   between	   printed	   electronics	   and	  
conventional	  electronics,	  and	  the	  different	  electronic	  components	  or	  areas	  of	  each.	  
It	  has	  assisted	  in	  identifying	  the	  chosen	  impact	  assessment	  method	  in	  this	  research	  
(Technology	   Readiness	   Levels),	   and	   theoretical	   approaches	   relevant	   to	   industrial	  
design,	  identifying	  methods	  of	  educating	  designers,	  creating	  knowledge	  transfer,	  and	  
how	   others	   have	   educated	   designers	   about	   electronics.	   Three	   case	   studies	   where	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printed	  electronics	  has	  previously	  been	  presented	  to	  designers	  have	  been	  compared,	  
and	   the	   literature	   review	  has	   shown	  how	   the	   landscape	  of	   printed	  electronics	  has	  
changed	  and	  developed	  over	  the	  past	  ten	  years,	  and	  how	  the	  need	  for	  designers	  in	  
the	  area	  of	  printed	  electronics	  has	   increased,	  and	   that	   training	  courses	   for	  printed	  
electronics	  have	  been	  introduced.	  
	  
In	  this	  research,	  in	  devising	  a	  taxonomy	  of	  printed	  electronics	  it	  unveils	  uncertainties	  
within	  the	  technological	  capabilities.	  Seeing	  the	  technology	  mapped	  out	  in	  this	  way	  
has	  helped	  the	  doctoral	  researcher	  to	  identify	  what	  is	  and	  is	  not	  currently	  possible	  in	  
printed	  electronics,	  which	  can	  then	  be	  used	  to	  find	  ways	  to	  help	  others	  understand	  
this	   technology.	  Whilst	   the	   information	   is	  displayed	   for	  ease	  of	  understanding	  and	  
clarification	   of	   printed	   electronics	   capabilities,	   it	   is	   to	   be	   used	   for	   analysis	   to	   aid	  
teaching,	   in	   deciding	   which	   information	   is	   appropriate	   to	   present	   to	   student	  
industrial	   designers,	   not	   to	   be	   the	   information	   presented	   directly	   to	   them.	  
Information	   presented	   to	   students	   would	   be	   in	   a	   different	   form,	   such	   as	   existing	  
product	   examples	   and	   process	   diagrams	   to	   aid	   learning.	   However,	   when	   the	  
designers	   have	   understood	   the	   technology,	   this	   taxonomy	   could	   be	   an	   advanced	  
point	   of	   reference	   for	   them	   at	   a	   later	   stage,	   showing	   them	   more	   clearly	   the	  
feasibility	   of	   printed	   electronics.	   Similar	   to	   the	   work	   of	   Varekamp	   et	   al.	   on	  
conventional	   electronics,	   this	   printed	   electronics	   taxonomy	   would	   be	   a	   feasibility	  
framework,	  but	  communication	  between	  industrial	  designers	  and	  printed	  electronics	  
experts	  would	  still	  be	  necessary,	  until	  a	  mutual	  language	  is	  achieved.	  	  
Collaborations	   between	   academia	   and	   industry	   creating	   knowledge	   transfer	   or	  
through	   knowledge	   transfer	   partnerships	   and	   sometimes	   the	   involvement	   of	  
students	   to	  undergo	  a	  placement	  year	  within	   these	  proves	   to	   successfully	   transfer	  
knowledge	   from	   industry	   to	   academia,	   and	   then	   to	   design	   students.	   However,	   an	  
issue	   lies	   with	   ‘tacit	   knowledge’,	   which	   seems	   to	   be	   knowledge	   that	   cannot	   be	  
transferred	  to	  an	  educational	  environment	  as	  it	  is	  obtained	  through	  vast	  experience	  
and	  collaborations	  over	  long	  periods	  of	  time.	  
	  
To	  conclude,	  a	  taxonomy	  of	  printed	  electronics	  would	  give	  the	  educators	  of	  student	  
industrial	  designers	  an	  insight	  into	  the	  state	  of	  the	  art	  of	  this	  technology.	  With	  this	  
knowledge,	  educators	  can	  teach	  student	  designers	  about	  elements	  of	  the	  technology	  
which	  are	  at	  a	  high	  enough	  technology	  readiness	  level,	  reaching	  a	  successful	  level	  of	  
production,	  it	  means	  that	  this	  technology	  is	  ready	  to	  be	  presented	  to	  designers.	  With	  
the	  information	  that	  is	  presented	  being	  ready	  for	  manufacture,	  this	  allows	  designers	  
to	   design	   products	   with	   it,	   with	   minimal	   anxiety	   about	   manufacture	   or	  
reproducibility	   failure.	   This	   could	   also	   help	   alter	   perceptions	   of	   the	   technology,	   as	  
some	  people	  previously	  have	  viewed	  printed	  electronics	  as	  a	  cheap	  paper	  alternative	  
to	   conventional	   silicon	   electronics.	   With	   printed	   electronics	   being	   ready	   for	  
manufacture,	   and	   if	   presented	   in	   a	   positive	   way,	   as	   a	   valuable	   technology,	   being	  
lightweight	  and	  flexible,	   it	  could	  open	  up	  opportunities	  for	   industrial	  designers	  and	  
the	  technology	  through	  the	  design	  of	  products.	  If	  designers	  were	  educated	  about	  the	  
range	  of	  flexible	  substrates	  available	  for	  printed	  electronics,	  this	  could	  help	  to	  open	  
product	  design	  opportunities	  and	  change	  perceptions,	   from	  flexible	   treated	  papers	  
and	  plastics,	  to	  substrates	  associated	  with	  more	  expensive,	  quality	  products,	  such	  as	  
glass	  and	  fabrics.	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3.0	  Methodology	  
	  
	  
3.1	  Introduction	  
	  
Robson	  (2011)	  defines	  methodology	  as	  a	  variety	  of	  backgrounds	  being	  the	  political,	  
theoretical	  and	  philosophical	  to	  social	  research.	  	  Also,	  their	  implications	  for	  research	  
practice	  and	  for	  the	  use	  of	  particular	  research	  methods	  (Robson,	  2011,	  p.	  528).	  
	  
Creswell	   (2013)	   identifies	   the	   characteristics	   of	   the	  methodological	   assumption	   as	  
the	   researcher	   using	   inductive	   logic,	   studying	   the	   topic	  within	   its	   context	   and	   also	  
uses	  an	  emerging	  design.	  The	   implications	   for	  practice	  would	  be	  examples	   such	  as	  
the	   researcher	   works	   with	   particulars	   (details)	   before	   generalizations	   are	   made,	  
describes	  the	  context	  of	   the	  study	   in	  detail,	  and	  continually	  revises	  questions	   from	  
experiences	   in	   the	   field.	   Creswell	   also	   raises	   two	   important	   questions	   for	  
methodological	  assumption,	  which	  are	  “What	  is	  the	  process	  of	  research?”	  and	  “What	  
is	  the	  language	  of	  research?”	  (Creswell,	  2013,	  p.21).	  
	  
Applying	   these	   questions	   to	   the	   research,	   firstly	   focusing	   on	   the	   process	   of	   the	  
research	   is	   gathering	   what	   is	   currently	   known,	   distinguishing	   the	   state	   of	   the	   art,	  
gathering	  a	  variety	  of	  views	  on	  the	  topic,	  which	  are	  then	  assessed	  and	  validated.	  The	  
type	  of	  data	   is	  deemed	  as	  qualitative	  by	   its	  nature,	  gathering	  an	   in	  depth	  range	  of	  
people’s	   views.	   Secondly,	   the	   language	   of	   the	   research	   is	   both	   technical	   and	  
aesthetic/form	  based,	  as	  the	  information	  to	  be	  conveyed	  needs	  to	  be	  applicable	  to	  
both	   industrial	   designers	   and	   printed	   electronics	   experts	   from	   manufacturing	  
companies.	  	  
	  
The	   qualitative	   research	   procedures,	   or	   its	   methodology,	   are	   characterised	   as	  
emerging,	  inductive	  and	  also	  the	  researcher’s	  experience	  in	  collecting	  and	  analysing	  
the	   data	   shapes	   the	   research.	   The	   qualitative	   researcher	   follows	   a	   inductive	   logic,	  
looking	  at	  things	  “from	  the	  ground	  up”	  (Creswell,	  2013,	  p.22),	  meaning	  that	  they	  do	  
not	  just	  take	  entirely	  what	  is	  handed	  down	  from	  the	  inquirers	  perspective	  or	  from	  a	  
theory.	  The	  research	  questions	  are	  also	  often	  subject	  to	  change	  half	  way	  through	  the	  
study,	   in	   order	   to	   better	   enquire	   into	   the	   subject	   and	   to	   understand	   the	   research	  
problem.	   If	   this	   is	   the	   case,	   modification	   to	   the	   data	   collection	   strategy,	   planned	  
before	   the	   study,	   is	   necessary	   for	   the	   new	   questions.	   The	   researcher,	   during	   the	  
analysis	  of	  the	  data,	  follows	  a	  path	  in	  the	  analysis	  to	  increase	  the	  detailed	  knowledge	  
of	  the	  studied	  topic	  (Creswell,	  2013,	  p.22).	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3.2	  Research	  Methods	  
	  
3.2.1	  Research	  purpose	  
	  
The	  intention	  of	  the	  research	  is	  to	  study	  printed	  electronics,	  determine	  at	  what	  stage	  
the	   technology	   is	   at,	   via	   approaches	   to	   technology	   readiness,	   looking	   also	   at	   its	  
capabilities	   and	   identify	   what	   impact	   this	   technology	   can	   have	   on	   designers	   and	  
product/industrial	   design	   through	   educating	   student	   designers	   about	   this	  
technology.	   Aiming	   to	   enhance	   product	   design	   by	   adopting	   capabilities	   of	   printed	  
electronics.	  
	  
3.2.2	  Research	  design	  
	  
Creswell	  (Creswell,	  2013,	  p.53)	  identifies	  the	  fundamental	  research	  characteristics	  of	  
qualitative	   approaches	   to	   research,	   such	   as,	   evolving	   design	   and	   focussing	   on	  
participants’	   views,	   these	   characteristics	   can	   be	   applied	   to	   this	   research.	   As	  
discussed	  by	  Robson	  (Robson,	  2011,	  p.	  24),	  research	  methods	  are	  used	  in	  qualitative	  
approaches,	   such	   as	   interviews	   and	   observation	   as	   this	   allows	   the	   researcher	   to	  
acquire	  multiple	  perspectives;	  enabling	  the	  researcher	  to	  understand	  multiple	  social	  
constructions	   of	   meaning	   and	   knowledge.	   For	   this	   research	   people’s	   views	   and	  
quality	   data	   are	   essential,	   as	   qualitative	   research	   is	   appropriate	   for	   this	   study,	   to	  
determine	  the	  best	  results	  on	  the	  topic.	  Observations	  and	   interviews	  are	  critical	  to	  
gathering	   this	   type	   of	   information,	   allowing	   individuals	   voices	   to	   be	   heard,	   and	  
opening	  discussion	  for	  further	  information	  to	  be	  gathered.	  	  
	  
	  
	  
Working	  towards	  a	  framework	  for	  the	  research,	  the	  work	  of	  Blessing	  and	  Chakrabarti	  
(Blessing,	  and	  Chakrabarti,	  2009.	  p.	  18-­‐19,	  60-­‐63)	  focus	  on	  types	  of	  research	  against	  
their	  framework,	  they	  discuss	  seven	  different	  types	  that	  can	  be	  used	  (Figure	  105).	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Figure	  105	  -­‐	  Types	  of	  design	  research	  projects	  and	  their	  main	  focus	  (iterations	  
omitted)	  
(Blessing,	  and	  Chakrabarti,	  2009.	  p.	  18).	  
	  
	  
After	   considering	   all	   seven	   types	   of	   design	   research	   projects,	   ‘Type	   2’	   is	   most	  
appropriate	   for	   this	   study,	  entitled	   ‘Comprehensive	  Study	  of	   the	  Existing	  Situation’	  
(Blessing,	  and	  Chakrabarti,	  2009.	  p.	  61).	  This	  type	  of	  study	  is	  necessary	  as	  the	  criteria	  
can	  be	  established,	  but	  when	  identifying	  the	  factors,	  a	  much	  better	  understanding	  of	  
the	   existing	   situation	   is	   needed.	   This	   is	   to	   help	   determine	   which	   are	   the	   most	  
relevant	  factors	  to	  address	  and	  to	  then	  improve	  the	  situation.	  	  
	  
This	  means	   that	   it	   is	  necessary	   to	  have	  a	  Comprehensive	  DS-­‐I	   (Descriptive	  Study	   I)	  
when	   the	   literature	   review	   reveals	   that	   the	   understanding	   is:	   1)	   non-­‐existent:	   it	  
doesn’t	   provide	   links	   between	   the	   selected	   success	   factors	   and	   the	   factors	   of	  
interest,	   2)	   insufficient:	   it	   provides	   links	   but	   with	   insufficient	   detail;	   results	   are	  
contradictory	  or	  inconclusive;	  that	  the	  evidence	  is	  based	  on	  a	  different	  context	  form	  
the	  research;	  only	  a	  small	  number	  of	  cases	  were	  involved	  or	  the	  research	  methods	  
applied	  making	  the	  evidence	  weak,	  3)	  potentially	  incorrect:	  validity	  of	  the	  method(s)	  
used	  in	  information	  is	  doubted.	  	  
	  
An	  Initial	  PS	  (Prescriptive	  Study)	  can	  be	  undertaken,	  once	  a	  sufficient	  understanding	  
is	  gained,	  to	  indicate	  how	  the	  understanding	  could	  be	  used	  to	  improve	  design.	  This	  
includes	   determining	   factors,	   such	   as:	   which	   are	   most	   likely	   to	   have	   the	   largest	  
impact	  on	  success,	  and	  suggesting	  ways	  of	  addressing	  these	  factors.	  	  
	  
So	  with	  this	  research,	  the	  information	  and	  criteria	  can	  be	  established,	  both	  printed	  
electronics	  and	  approaches	  to	  technology	  readiness	  levels	  (TRLs).	  However,	  a	  deeper	  
understanding	   is	   needed	   to	   assess	   what	   stage	   printed	   electronics	   is	   at,	   and	   the	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difference	  between	  the	  different	  TRLs.	  This	  is	  necessary	  to	  determine	  a	  TRL	  system	  
suitable	   for	   grading/assigning	   a	   TRL	   number/level	   to	   each	   piece	   of	   printed	  
electronics	  technology.	  	  
	  
There	  is	  currently	  no	  obvious	  link	  between	  these	  two	  factors	  (printed	  electronics	  and	  
TRL)	   making	   the	   literature	   non-­‐existent;	   also	   the	   literature	   is	   insufficient	   as	   the	  
evidence	   is	  based	  on	  a	  different	   context	   from	   the	   research	   (TRLs	  exist,	  but	  do	  not	  
currently	  apply	  to	  printed	  electronics).	  
	  
Once	   a	   TRL	   scale	   can	   be	   defined/created	   for	   printed	   electronics,	   it	   allows	   for	   the	  
initial	   prescriptive	   study;	   the	   assessment	   of	   existing	   printed	   electronics	  
technology/products,	   determining	   what	   state	   everything	   has	   reached,	   and	   how	  
much	  of	   it	   can	  or	   could	  be	  used	   in	   the	  design	  of	  products	   via	   industrial	  designers.	  
This	   grading	   and	   understanding	   of	   printed	   electronics	   technology,	   with	   it	   being	  
translated	   to	   industrial	   designers,	   could	   have	   a	   direct	   impact	   on	   the	   design	   of	  
products,	  and	  could	  help	  improve	  and	  change	  design.	  	  
	  
3.2.3	  Research	  strategy	  
	  
As	   discussed	   by	   Creswell	   (Creswell,	   2013,	   pp.	   47-­‐48),	   qualitative	   research	   is	  
appropriate	  for	  this	  study	  as	  a	  group	  needs	  to	  be	  studied	  (Industrial	  Designers	  and	  
people	   from	   industry/business),	   and	   the	   variables	   cannot	   easily	   be	   measured	  
(different	   ideas	   they	   may	   have	   on	   the	   technology).	   A	   detailed	   and	   complex	  
understanding	   of	   the	   issue	   is	   needed,	   which	   can	   only	   be	   carried	   out	   by	   talking	  
directly	  with	  people,	  at	  their	  place	  of	  work,	  homes,	  or	  workshop/mutual	  conference	  
location.	  This	  allows	  and	  empowers	  them	  to	  tell	  their	  story	  or	  point	  of	  view	  on	  the	  
topic,	  without	  any	   influence	  from	  the	   literature	  studied	  by	  the	  researcher,	  or	  what	  
we	  would	  expect	  to	  find.	  	  
	  
Qualitative	   research	   also	   offers	   a	   series	   of	   representations,	   including	   field	   notes,	  
conversations,	   interviews,	   photographs,	   memos	   to	   the	   self,	   and	   recordings;	   this	  
method	  is	  interpretive	  by	  nature,	  trying	  to	  make	  sense	  of	  phenomena	  in	  terms	  of	  the	  
meanings	  people	  bring	  to	  them	  (Davies,	  and	  Hughes,	  2014,	  p.9).	  
	  
A	  qualitative	  research	  method	  is	  seen	  as	  exploratory,	  used	  by	  researchers	  to	  probe	  a	  
topic	  when	  the	  theory	  base	  and	  variables	  are	  unknown	  (Creswell,	  2014,	  p.	  110).	  The	  
study	  may	   result	   in	   a	   pattern,	   generated	   theory	   or	   a	   generalisation	   that	   emerges	  
inductively	   from	   data	   collection	   and	   analysis;	   however,	   some	   do	   not	   include	   an	  
explicit	   theory	   or	   present	   descriptive	   research	   of	   the	   central	   phenomenon	   at	   all	  
(Creswell,	  2014,	  pp.	  74-­‐75).	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3.2.4	  Data	  collection	  techniques	  
	  
Data	  collection	  techniques	  applied	  aim	  to	  retain	  an	  open,	  non-­‐bias	  approach	  when	  
carrying	   out	   focus	   groups	   or	   interviews.	   Collecting	   any	   spoken	   data	   via	   video	   and	  
audio	   recording,	   and	   typing	   it	   up	   as	   a	   transcript,	   and	   any	   illustration	  
feedback/sketches	   that	   are	   collected	   are	   to	   be	   scanned	   to	   store	   the	   information	  
electronically,	   as	   well	   as	   the	   originals	   in	   a	   file.	   Any	   questionnaires	   or	   documents	  
given	  or	  sent	  out	  can	  be	  either	  filled	  out	  electronically	  and	  sent	  back,	  or	  completed	  
in	  person	  and	  collected,	  scanned	  electronic	  copies	  also	  stored,	  with	  originals	  in	  a	  file.	  	  
	  
Limitations	  for	  data	  collection	  techniques	  are	  the	  amount	  of	  people	  asked	  were	  kept	  
to	  small	  groups	  at	  a	  time;	  this	   is	  to	  retain	  a	  qualitative	  research,	  the	  views	  of	  each	  
person	  (in	  interviews	  or	  focus	  groups)	  needs	  to	  be	  considered	  and	  recorded.	  Minimal	  
input	   will	   also	   be	   given	   from	   the	   researcher	   on	   the	   topic	   to	   others	   when	   gaining	  
feedback,	  in	  order	  to	  not	  sway	  or	  influence	  their	  views	  or	  opinions	  on	  the	  topic.	  
	  
The	  data	   collection	   technique	   types	   that	   are	  used	   are	  narrative	   research	   and	   case	  
studies,	   these	   are	  most	   suited	   to	   this	   research.	   Being	   best	   suited	   to	   design,	   using	  
narrative	  research,	  it	  allows	  for	  individuals	  to	  tell	  their	  stories	  and	  experiences;	  and	  
using	  case	  studies	  provides	  an	  in-­‐depth	  understanding	  of	  an	  individual	  case	  or	  cases.	  
The	  data	  collection	  forms	  for	  narrative	  research	  are	  to	  use	  primarily	  interviews	  and	  
documents;	  with	  case	  studies,	  multiple	  sources	  would	  be	  used,	  such	  as	  observations,	  
artifacts,	  interviews	  and	  documents	  (Creswell,	  2013,	  pp.	  104-­‐105).	  
	  
Semi-­‐structured	   interviews	   are	   used	   as	   it	   offers	   a	   guide	   and	   direction	   for	   topic	  
conversation,	  offering	  flow	  to	  the	  interview,	  yet	  it	  allows	  for	  unplanned	  questions	  to	  
follow	   up	   on	   what	   the	   interviewee	   is	   saying	   (Robson,	   2011,	   p.	   280).	   This	   type	   of	  
interview	  also	  encourages	  people	  to	  talk	  at	  some	   length	  about	  a	   topic	  and	   in	  their	  
own	  way,	  whether	   their	   views	  are	   ‘right’	  or	  not	   is	  not	  an	   issue	  with	   this	   interview	  
approach	  (Drever,	  2003,	  p.10).	  The	  approach	  allows	  for	  the	  interviewer	  to	  continue	  
with	  prompts	  and	  probes	  according	  to	  plan,	  Drever	  outlines	  two	  types	  of	  ‘prompts’,	  
the	   first	   being	   to	  encourage	   the	   interviewee	   to	   answer,	   and	   the	   second	   to	  ensure	  
that	   they	   say	   as	   much	   as	   they	   can	   or	   wish	   to.	   Two	   types	   of	   ‘probes’	   are	   also	  
identified	  as	   the	   first	   to	  get	   the	   interviewee	   to	  expand	   in	  detail,	  or	   the	   second,	   to	  
explain	   further	   (Drever,	  2003,	  pp.10-­‐11).	  The	  use	  of	   these	   in	  groups	   (focus	  groups)	  
would	  also	  be	  useful	  for	  this	  research,	  allowing	  for	  substantial	  degrees	  of	  flexibility	  
and	  offers	  discussion	  as	  well	  as	  the	  characteristics	  of	  an	  interview	  (Robson,	  2011,	  p.	  
293).	  
	  
When	  looking	  at	  multiple	  case	  analysis,	  it	  is	  important	  to	  state	  the	  research	  problem,	  
find	  evidence	  from	  literature	  justifying	  the	  problem,	  clarify	  or	  present	  deficiencies	  in	  
evidence	  and	  also	  the	  importance	  of	  program	  for	  audiences	  (Creswell,	  2013,	  p.	  132).	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3.2.5	  Research	  scale	  
	  
Small-­‐scale	   research	   was	   used	   as	   gathering	   detailed	   qualitative	   data	   is	   very	  
important	  in	  this	  study,	  such	  as	  semi-­‐structured	  interviews,	  observation,	  case	  studies	  
and	  focus	  groups	  (Drever,	  2003).	  In	  focus	  groups	  and	  interviews,	  smaller	  amounts	  of	  
people	   are	   present	   in	   order	   to	   successfully	   record	   all	   of	   their	   input,	   retaining	   the	  
qualitative	  approach	  needed	  for	  this	  research.	  Using	  semi-­‐structured	  interviews	  also	  
allows	   for	  a	  much	  wider,	   in-­‐depth	   input	   from	  the	   interviewee	  as	   it	  allows	   time	   for	  
the	  individual	  to	  voice	  their	  opinions	  on	  topics,	  as	  opposed	  to	  a	  fixed,	  limited	  answer	  
to	  a	  particular	  question.	  The	  same	  freedom	  of	  opinion	  is	  also	  present	  in	  observation,	  
and	   focus	   groups;	   case	   studies	   purely	   allows	   for	   in-­‐depth	   analysis	   of	   the	   desired	  
topic,	   in	   this	   case,	   specific	   companies	   of	   interest,	   recent	   collaborative	   projects,	   or	  
trends.	  
	  
3.2.6	   Research	   validity,	   reliability,	   transferability	   and	  
assessment/analysis	  
	  
The	  strategies	  for	  data	  analysis	  for	  narrative	  research	  would	  be	  to	  analyse	  the	  data	  
for	  stories,	  ‘restorying’	  stories,	  developing	  themes	  and	  often	  also	  using	  a	  chronology.	  
For	   case	   studies	   the	   data	   would	   be	   analysed	   through	   a	   description	   of	   case	   and	  
themes	  of	  the	  case,	  as	  well	  as	  cross-­‐case	  themes	  (Creswell,	  2013,	  pp.	  104-­‐105).	  	  
	  
Due	  to	  the	  nature	  of	  the	  data	  collection	  such	  as	  through	  interviews,	  focus	  groups,	  it	  
should	  result	  in	  a	  varied	  in	  response;	  however	  trends	  can	  still	  be	  identified	  from	  this	  
data,	  and	  analysed.	  	  
	  
3.2.6.1	  Validity	  
The	  validity	  of	  the	  study	  is	  how	  “accurate,	  or	  correct,	  or	  true”	  (Robson,	  2011,	  p.	  159)	  
the	   information	   is.	   To	   ensure	   maximum	   validity,	   the	   data	   collected	   will	   be	   on	   a	  
description	  basis,	  so	  audio	  and/or	  video	  taping	  will	  be	  carried	  out	  wherever	  possible	  
in	  the	  study.	  In	  circumstances	  where	  this	  is	  not	  feasible,	  high	  quality	  note	  taking	  will	  
be	  in	  place.	  	  
	  
Creswell	   states	   “Qualitative	   validity	   means	   that	   the	   researcher	   checks	   for	   the	  
accuracy	  of	   the	   findings	  by	  employing	  certain	  procedures”	   (Creswell,	  2014,	  p.	  201).	  
However,	  Creswell	  also	  discusses	  how	  validity	  in	  qualitative	  research	  “does	  not	  carry	  
the	  same	  connotations”	  (Creswell,	  2014,	  p.	  201)	  as	  it	  does	  in	  quantitative	  research.	  It	  
is	   also	   not	   a	   “companion	   of	   reliability	   (examining	   stability)	   or	   generalizability	   (the	  
external	  validity	  of	  applying	  results	  to	  new	  settings,	  people,	  or	  samples…)”	  (Creswell,	  
2014,	   p.	   201).	  When	   addressing	   validity	   in	   qualitative	   literature,	   the	   terms	   usually	  
referred	   to	   are	   “trustworthiness,	   authenticity,	   and	   credibility”	   (Creswell,	   2014,	   p.	  
201).	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Davies	  believes	  that	  in	  qualitative	  research	  “the	  ‘validity’	  of	  any	  one	  study	  refers	  to	  
the	   interactive	   and	   interpretive	   reality	   of	   that	   project	   as	   distinct	   from	   the	   focused	  
qualities	  represented	  by	  the	  data	  per	  se”	  (Davies,	  2007,	  p243).	  
	  
3.2.6.2	  Reliability	  
To	  ensure	  maximum	   reliability	   in	   the	   research,	   the	   researcher	  must	  be	   “thorough,	  
careful	   and	  honest	   in	   carrying	   out	   the	   research”	   (Robson,	   2011,	   p.	   159)	   and	   to	   be	  
able	  to	  show	  this	  to	  others	  in	  the	  form	  of	  an	  audit	  trail.	  The	  audit	  trail	  will	  be	  a	  full	  
record	  of	  the	  activities	  carried	  out	   in	  the	  study	  when	  collecting	  raw	  data,	   including	  
transcriptions	  of	  interviews,	  field	  notes,	  research	  journal,	  and	  details	  of	  how	  the	  data	  
has	  been	  analysed.	  	  
	  
Creswell	   states	   “qualitative	   reliability	   indicates	   that	   the	   researcher’s	   approach	   is	  
consistent	   across	   different	   researchers	   and	   different	   projects”	   (Creswell,	   2014,	   p.	  
201).	  
	  
Davies	  discusses	  reliability	  in	  qualitative	  research	  as	  a	  concept	  related	  to	  the	  rigour	  
of	  the	  researcher’s	  approach	  towards	  the	  tasks	  of	  data	  collection	  and	  analysis,	  also	  
the	  care	  taken	  in	  the	  report,	  describing	  in	  detail	  the	  employed	  methods,	  along	  with	  
discussion	  of	  critical	  decisions	  that	  were	  made.	  Davies	  believes	  “the	  term	  ‘reliability’	  
in	  this	  sense	  is	  equated	  with	  methodological	  ‘accuracy’”	  (Davies,	  2007,	  p241).	  
	  
Blessing	  and	  Chakrabarti	  (2009)	  discuss	  that	  the	  validity	  and	  reliability	  of	  qualitative	  
or	  quantitative	  data	  depends	  on	  the	  extent	  of	  a	  researcher’s	  training,	  sensitivity,	  and	  
methodological	   skill.	   Discussing	   systematic	   and	   rigorous	   observation,	   Blessing	   and	  
Chakrabarti	  believe	   it	   involves	  much	  more	   than	   is	   first	  obvious,	   such	  as	   interviews	  
not	  just	  being	  about	  asking	  questions,	  and	  content	  analysis	  requiring	  more	  than	  just	  
reading,	   to	   find	   out	   what	   depth	   of	   information	   is	   really	   there	   (Blessing,	   and	  
Chakrabarti,	  2009.	  p.	  103).	  
	  
In	   this	   research,	  when	  speaking	   to	  people	   through	   interviews	  or	   focus	  groups,	  any	  
areas	  of	  confusion	  on	  the	  topic	  or	  about	  the	  response/feedback	  can	  be	  questioned	  
or	  clarified	  to	  try	  to	  eliminate	  any	  misunderstanding	  of	  the	  information	  given.	  As	  it	  is	  
a	   case	   of	   people’s	   opinions	   and	   personal	   experiences,	   how	   valid	   or	   reliable	   the	  
information	   is,	   is	  open	  to	   interpretation,	  but	  common	  trails	  of	   thought	  can	  also	  be	  
considered	   and	   analysed,	   to	   determine	   by	   themes	   or	   trends	   through	   the	   data	  
collected.	  
	  
3.2.6.3	  Transferability	  and	  assessment/analysis	  
Collecting	   data	   from	   educators	   and	   industry	   should	   result	   in	   rich	   findings/high-­‐
quality	   data.	   The	   assessment	   or	   analysis	   of	   the	   data	   plays	   a	   large	   part	   in	   the	  
contribution	  to	  transferability	  of	  the	  data.	  When	  analysed,	  this	  data	  should	  result	  in	  
a	   collection	  of	   expectations	   and	  opinions	   from	  both	   educators	   and	   industry	   about	  
student	  designers	  in	  relation	  to	  printed	  electronics	  technology,	  which	  could	  then	  be	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combined	   in	   order	   to	   translate	   these	   expectations	   of	   designers	   in	   relation	   to	   this	  
new	  technology	  to	  future	  student	  designers	  through	  education.	  
	  
3.3	  Research	  design	  for	  study	  
	  
The	   methodology	   (Figure	   106)	   shows	   how	   the	   project	   progresses	   through	   the	  
doctorial	   research.	   The	   three	   areas	   of	   ‘printed	   electronics’,	   ‘impact	   -­‐	   technology	  
readiness	   levels	   (TRLs)’	   and	   ‘education’	   were	   picked	   for	   the	   literature	   review,	   as	  
printed	  electronics	  is	  a	  fairly	  new	  technology,	  even	  though	  it	  is	  manufactured	  using	  
traditional	   printing	   methods,	   the	   use	   of	   conducting	   and	   insulating	   inks	   to	   create	  
electronics	  is	  one	  not	  yet	  heavily	  present	  in	  mainstream	  electronics,	  and	  is	  perceived	  
that	   it	   is	  one	  not	   known	  by	   industrial	   designers.	   This	   is	   thought	   to	  be	  an	  area	  not	  
educated	   to	  designers	  as	   it	  has	  not	  yet	  been	  determined	  how	  commercially	   viable	  
this	  technology	  is.	  For	  designers	  to	  use	  the	  technology,	  they	  need	  to	  know	  that	  what	  
they	  are	  designing	  with	  is	  ready	  for	  production,	  so	  the	  product	  created	  will	  not	  fail,	  
at	   least	  not	  on	  the	  technical	   (electronics)	  side.	   In	  order	  to	  present	  relevant	  data	  to	  
industrial	  designers	  about	  printed	  electronics,	  research	  needs	  to	  be	  undergone	  into	  
the	   capabilities	   of	   printed	   electronics.	   This	   is	   necessary,	   as	   only	   the	   technology	  
directly	   relevant	   to	   the	   industrial	   designers	   needs	   to	   be	   presented	   to	   them.	   The	  
researcher	   using	   an	   appropriate	   approach/judgement	   system	   of	   technology	  
readiness	  will	  determine	  this	  information.	  
	  
Phase	   1:	   Literature	   Review	   is	   needed	   for	   the	   doctorial	   research	   to	   determine	   the	  
state	  of	  the	  art.	  For	  the	  ‘impact’,	  a	  TRL	  (Technology	  Readiness	  Level)	  scale	  has	  been	  
identified	  as	  a	  recognised	  method	  of	  analysis	  for	  technology,	  in	  both	  academia	  and	  
industry.	   A	   TRL	   scale	   currently	   does	   not	   exist	   for	   printed	   electronics,	   the	  
creation/definition	   of	   a	   TRL	   scale	   by	   the	   researcher,	   allows	   for	   an	   assessment	   of	  
existing	   printed	   electronics	   technology/products	   with	   the	   ability	   to	   assign/grade	  
each	   existing	   example.	   Determining	   what	   stage	   printed	   electronics	   has	   reached	  
helps	   assess	   how	   much	   of	   it	   can	   or	   could	   be	   used	   in	   the	   design	   of	   products	   via	  
industrial	   designers.	   A	   TRL	   scale	   approach	   is	   a	   tangible	  way	   for	   the	   researcher	   to	  
judge	   and	   understand	   how	   ready	   printed	   electronics	   is,	   and	   can	   then	   make	   an	  
informed	   decision	  when	   using	   it	   to	   translate	   the	   relevant	   technology	   to	   industrial	  
designers.	   ‘Education’	   also	   needs	   to	   be	   addressed	   in	   the	   literature	   review,	   to	  
understand	  different	  ways	  to	  educate	  students	  in	  higher	  education.	  
	  
Phase	   2:	   The	   researcher	   undertakes	   an	   immersive	   pilot	   study	   -­‐	   action	   research	   in	  
collaboration	   with	   chemistry	   in	   the	   laboratory	   to	   gain	   first-­‐hand	   experience	   of	  
printed	   electronics	   technology;	   to	   fabricate,	   test	   and	   compare	   lithographically	   and	  
flexographically	   printed	   supercapacitors.	   The	   flexographically	   printed	  
supercapacitors	  are	  then	  used	  to	  build	  a	  demonstrator.	  This	  provides	  the	  researcher	  
with	  two	  different	  perspectives,	  one	  from	  a	  researchers	  point	  of	  view	  (to	  have	  first-­‐
hand	  experience	  with	   the	   technology	  –	  something	   that	   the	   literature	  alone	  cannot	  
provide),	  and	  from	  a	  reflective	  practitioner’s/product	  designer’s	  perspective	  (as	  the	  
researcher’s	   background	   is	   in	   product	   design).	   This	   will	   help	   the	   researcher	   to	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identify	   any	   potential	   gaps	   and	   insights	   through	   first-­‐hand	   experience	   with	   the	  
technology,	  and	  helps	  to	  inform	  the	  next	  studies	  within	  this	  research.	  
	  
In	   Phase	   3:	   Strategies,	   two	   strategies	   need	   to	   be	   created	   to	   fill	   the	   gaps	   in	   the	  
current	  knowledge	  of	  this	  technology.	  These	  are	  a	  ‘taxonomy	  of	  printed	  electronics’	  
and	   a	   ‘printed	   electronics	   technology	   readiness	   level	   (TRL)	   scale’.	   A	   taxonomy	   of	  
printed	   electronics	   is	   necessary	   in	   determining	   the	   classifications	   within	   this	  
taxonomy	   and	  which	   of	   these	   elements	   can	   be	   printed	   by	  which	   printing	   process.	  
The	   printed	   electronics	   technology	   readiness	   level	   (TRL)	   scale	   brings	   together	   a	  
grading	  system	  relevant	  to	  be	  used	  in	  this	  technology.	  	  
	  
Phase	  4:	  Viability,	  the	  ‘taxonomy	  of	  printed	  electronics’	  and	  the	  ‘printed	  electronics	  
technology	  readiness	   level	   (TRL)	  scale’	  are	  presented	  to	  printed	  electronics	  experts	  
through	   semi-­‐structured	   interviews	   to	   confirm	   the	   information,	   and	   highlight	   any	  
changes	   or	   alterations	   that	   need	   to	   be	   made	   before	   continuing.	   The	   printed	  
electronics	   experts	   are	   also	   set	   a	   separate	   task	   of	   then	   using	   these	   two	   pieces	   of	  
information	  to	  TRL	  grade	  selected	  examples	  from	  the	  taxonomy.	  
	  
Phase	   5:	   Approaches	   for	   presenting	   printed	   electronics	   technology	   to	   designers	   /	  
teaching	   and	   learning	   strategies,	   interviews	   are	   held	   with	   education	   and	   industry	  
experts	   to	   discuss	   how	   others	   have	   previously	   presented	   the	   technology	   to	  
designers,	  in	  order	  to	  identify	  methods	  to	  successfully	  communicate	  the	  technology.	  
	  
Phase	   6:	   New	   Approaches,	   through	   comparing	   the	   data	   to	   find	   themes,	   new	  
approaches	   are	   determined	   for	   presenting	   printed	   electronics	   technology	   to	  
designers.	  
	  
Phases	  7:	  Provide	  Guidelines,	  concludes	  the	  study	  by	  providing	  guidelines	  (that	  are	  
extracted	  from	  the	  research	  findings)	  for	  the	  future	  development	  of	  strategies/tools	  
to	  increase	  the	  impact	  of	  printed	  electronics	  on	  product	  design.	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Figure	  106	  -­‐	  Methodology	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3.3.1	  Phases	  -­‐	  overall	  research	  plan	  
	  
For	  this	  research	  study,	  using	  Blessing	  and	  Chakrabarti’s	  (Blessing,	  and	  Chakrabarti,	  
2009)	  research	  stages	  and	  research	  type	  2	  (Figure	  105)	  a	  table	  was	  created	  (Table	  8)	  
to	   plan	   how	   the	   research	   type	   2	   fits	   into	   the	   phases	   of	   this	   research	   (Figure	   106)	  
through	  using	  two	  separate	  channels	  of	  investigation	  (A	  and	  B).	  
	  
Table	  8	  –	  Two	  separate	  channels	  of	  investigation	  (A	  and	  B)	  within	  this	  doctoral	  
research	  and	  the	  phases	  of	  the	  research	  within	  each	  –	  categorised	  by	  Research	  
Stages	  using	  Research	  Type	  2	  
	   Research	  Stages	  
(Research	  Type	  2)	  
	   Research	  Clarification	  
(Review-­‐based)	  
Descriptive	  Study	  I	  
(Comprehensive)	  
Prescriptive	  Study	  
(Initial)	  
Investigation	  A:	  
Appraisal	  of	  
printed	  
electronics	  
taxonomy	  and	  
assessment	  
method	  
Phase	  1:	  Literature	  
Review	  (Printed	  
Electronics,	  and	  
Impact)	  
	  
Phase	  2:	  Immersive	  
Pilot	  Study	  
	  
Phase	  3:	  Strategies	  
Phase	  4:	  Viability	  
(Interviews	  with	  
Printed	  Electronics	  
Experts)	  
• Appropriate	  
clarified	  
assessment	  and	  
classification	  
framework	  for	  
Printed	  
Electronics.	  	  
• Potential	  to	  be	  
used	  as	  a	  
mutual	  language	  
for	  industry	  and	  
designers.	  
Investigation	  B:	  
Knowledge	  
transfer	  
strategies	  with	  
printed	  
electronics	  for	  
designers	  
Phase	  1:	  Literature	  
Review	  (Education)	  
Phase	  5:	  
Approaches	  for	  
Presenting	  Printed	  
Electronics	  
Technology	  to	  
Designers	  /	  
Teaching	  and	  
Learning	  Strategies	  
	  
	  
Phase	  6:	  New	  
Approaches	  (for	  
presenting	  
printed	  
electronics	  
technology	  to	  
designers)	  
	  
Phase	  7:	  Provide	  
Guidelines	  (that	  
are	  extracted	  
from	  the	  research	  
findings)	  for	  the	  
future	  
development	  of	  
strategies	  /	  tools	  
to	  increase	  the	  
impact	  of	  printed	  
electronics	  on	  
product	  design	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Using	   this	   table	   (Table	   8)	   and	   a	  method	   of	   particular	   interest	   that	   represents	   the	  
aims	  or	  questions	  and	  hypotheses	  of	  a	  research	  project	  against	  the	  stages	  within	  the	  
research	   (Figure	  1),	   the	  research	  objectives	   (listed	  below)	  were	  plotted	  against	   the	  
phases	  of	  this	  research,	  and	  then	  further	  annotated	  to	  show	  how	  the	  research	  type	  2	  
will	   fit	   into	   the	   research	   study	   in	   order	   to	  more	   clearly	   show	   the	   overall	   research	  
plan	  (Figure	  107).	  	  
	  
	  
Research	  Objectives	  (RO):	  
	  
1. Identify	  the	  state	  of	  the	  art	  of	  printed	  electronics	  technology	  
	  
2. Engage	  in	  first-­‐hand	  experience	  with	  printed	  electronics	  to	  identify	  potential	  
gaps	  and	  insights	  
	  
3. Generate	  an	  approach	  to	  assess	  the	  impact	  of	  printed	  electronics	  on	  product	  
design	  
	  
4. Identify	   appropriate	   interventions	   to	   transfer	   knowledge	   of	   printed	  
electronics	  to	  designers	  
	  
5. Determine	   how	   industrial	   designers	   can	   contribute	   to	   an	   increased	   impact	  
through	  designing	  products	  
	  
6. Provide	   guidelines	   (that	   are	   extracted	   from	   the	   research	   findings)	   for	   the	  
future	   development	   of	   strategies/tools	   to	   increase	   the	   impact	   of	   printed	  
electronics	  on	  product	  design	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Figure	  107	  -­‐	  Phases	  of	  Doctoral	  Research	  and	  Research	  Objectives,	  with	  annotations	  
showing	  how	  the	  research	  type	  2	  with	  fit	  into	  the	  doctoral	  research	  through	  
Investigations	  A	  and	  B	  -­‐	  Overall	  Research	  Plan	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4.0	  Immersive	  pilot	  study	  
	  
The	   researcher’s	   background	   is	   in	   product	   design,	   so	   in	   order	   to	   gain	   a	   better	  
understanding	  about	  this	  technology,	  an	  immersive	  piece	  of	  action	  research	  through	  
a	   pilot	   study	   within	   the	   science	   and	   technology	   areas	   of	   printed	   electronics	   is	   of	  
value	  to	  both	  the	  researchers	  understanding	  of	  the	  technology	  and	  adding	  depth	  to	  
this	  research.	  This	  will	  help	  the	  researcher	  to	  identify	  any	  potential	  gaps	  and	  insights	  
through	   first-­‐hand	   experience	   with	   the	   technology,	   and	   helps	   to	   inform	   the	   next	  
studies	  within	  this	  research	  study.	  
	  
Within	  this	  research,	  the	  data	  gathered	  was	  from	  the	  perspective	  of	  the	  researcher,	  
from	   a	   reflective	   practitioner/practice	   or	   reflexivity	   perspective	   (action	   research).	  
Action	   research	  was	   conducted	   to	   explore	   and	   assess	   the	   performance	   of	   printed	  
‘electrodes’	  which	  are	  used	   to	  make	  energy	  storage	  devices,	   such	  as	  primary	  cells,	  
batteries,	  capacitors,	  and	  super	  capacitors.	  Specifically	  this	  work	  focussed	  on	  making	  
and	  testing	  supercapacitors.	  
	  
Action	  research	   is	  useful	  within	  this	  research	  study,	  as	   it	  allowed	  the	  researcher	  to	  
experience	  the	  technology	  first-­‐hand.	  Robson	  discusses	  how	  both	  ‘involvement’	  and	  
‘improvement’	  are	  central	  to	  action	  research;	  and	  that	  action	  research	  can	  improve:	  
a	  practice;	  understanding	  of	  a	  practice	  by	  its	  practitioners;	  and	  the	  situation	  in	  which	  
the	  practice	  takes	  place	  (Robson,	  C.,	  2011,	  p.188).	  Blessing	  and	  Chakrabarti	  discuss	  
how	  action	  research	  is	  different	  from	  other	  research	  approaches,	  as	  it	  involves	  both	  
‘evaluation’	  and	  ‘development’	  (Blessing,	  L.T.M.	  and	  Chakrabarti,	  A.,	  2009,	  p.193),	  it	  
is	   an	   approach	   to	   ‘introducing’	   and	   ‘evaluating’	   change,	   it	   is	   increasingly	   used	   in	  
design	  (Blessing,	  L.T.M.	  and	  Chakrabarti,	  A.,	  2009,	  p.273).	  
	  
The	   research	   was	   conducted	   in	   a	   chemistry	   laboratory	   by	   the	   researcher	   (from	   a	  
product	   design	   background)	   and	   a	   researcher	   from	   chemistry	   (with	   expertise	   in	  
supercapacitors).	   The	   duration	   of	   the	   research	   was	   one	   day	   per	   week	   for	   twelve	  
weeks.	  The	  grant	   title	  was:	   IeMRC/EPSRC	  Broadening	   Integration	  of	  Printed	  Power	  
Sources	   with	   Electronic	   Systems:	   Rechargeable	   Printed	   Power	   Sources	   (Grant	  
Number:	  SP/05/02/14).	  
	  
	  
Conducting	  a	  pilot	  study	  is	  helpful	  to	  determine	  any	  problems	  when	  converting	  the	  
research	   design	   into	   reality	   when	   gathering	   data.	   A	   pilot	   study	   when	   testing	   an	  
experiment	   or	   survey	   should	   be	   conducted	   on	   a	   small	   scale.	   This	   can	   also	   help	   to	  
determine	  whether	  the	  situation	  is	  going	  to	  deliver	  the	  data	  needed	  to	  answer	  the	  
research	  questions,	  if	  not	  then	  the	  study	  can	  be	  cut	  short	  to	  allow	  the	  transfer	  of	  the	  
researchers	  efforts	  elsewhere	  (Robson,	  2011,	  p.405).	  
	  
Blessing	  and	  Chakrabarti	  discuss	  “When	  the	  variability	  of	  the	  data	  is	  not	  known	  and	  
cannot	   be	   estimated,	   it	   may	   be	   necessary	   to	   run	   a	   pilot	   study”	   (Blessing,	   and	  
Chakrabarti,	   2009.	   p.	   275).	   In	   this	   research,	   a	   pilot	   study	   has	   been	   conducted	   to	  
address	  two	  main	  areas	  as	  identified	  by	  Sinclair	  “firstly	  to	  ensure	  that	  the	  main	  study	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would	   run	   smoothly	   and	   as	   expected,	   and	   secondly	   to	   identify	   any	   flaws	   or	  
weaknesses	   in	   the	   design	   of	   the	   pilot	   study	   that	   might	   affect	   the	   usefulness	   or	  
validity	  of	  the	  main	  research	  results”	  (Sinclair,	  2012,	  p.179).	  	  
	  
4.1	   Evaluation	   and	   comparison	   of	   printed	  
electrodes	  
	  
In	   the	   action	   research,	   electrodes	   produced	   from	   two	   different	   types	   of	   printing	  
processes	   (lithographic	   and	   flexographic)	   were	   evaluated.	   Scanning	   Electron	  
Microscope	   (SEM)	   images	   of	   the	   electrodes	   revealed	   how	   different	   the	   surface	  
morphology	  of	  the	   ink	  formulations	  was	  between	  the	  lithographically	  printed	  silver	  
and	  carbon,	  and	  the	  flexographically	  printed	  silver	  and	  carbon.	   It	  was	   important	  to	  
examine	   the	   ink’s	   surface	  morphology	  as	   a	   supercapacitor’s	   capacitance	   is	   directly	  
proportional	   to	   the	   surface	   area	   the	   active	   material	   (the	   carbon	   layer).	   The	  
lithographically	   printed	   carbon	   layer	   was	   very	   smooth	   (Figure	   108),	   whereas	   the	  
flexographically	  printed	  carbon	  layer	  consisted	  of	  very	  small	  particles	  (Figure	  109).	  
	  
	  
Figure	  108	  -­‐	  SEM	  images	  of	  lithographically	  printed	  carbon	  layer	  at	  5	  kX	  
magnification	  (c)	  and	  50	  kX	  magnification	  (f)	  
(Sagu,	  J.S.,	  et	  al.	  2015,	  p.82)	  
	  
	  
Figure	  109	  -­‐	  SEM	  images	  of	  flexographically	  printed	  carbon	  layer	  at	  5	  kX	  
magnification	  (c)	  and	  50	  kX	  magnification	  (f)	  
(Sagu,	  J.S.,	  et	  al.	  2015,	  p.82)	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4.2	   Creation	   and	   comparison	   of	   supercapacitors	  
(using	  printed	  electrodes)	  
	  
Using	   these	   electrodes,	   supercapacitors	   were	   created:	   a	   lithographically	   printed	  
supercapacitor;	   and	   a	   flexographically	   printed	   supercapacitor.	   The	   structure	   of	   a	  
supercapacitor	   (Figure	  110)	  consists	  of	  two	  electrodes	  with	  an	  electrolyte	  between	  
them,	  the	  electrodes	  themselves	  are	  created	  by	  printing	  firstly	  a	   layer	  of	  silver	   ink,	  
followed	  by	  secondly	  a	  layer	  carbon	  ink	  onto	  a	  substrate.	  
	  
	  
Figure	  110	  -­‐	  Structure	  of	  the	  supercapacitor	  configuration	  
(Sagu,	  J.S.,	  et	  al.	  2015,	  p.83)	  
	  
	  
These	  supercapacitors	  were	  then	  tested	  and	  the	  results	  compared.	  One	  of	  the	  tests	  
conducted	  was	   to	   compare	   their	   cyclic	   voltammograms;	   this	   revealed	   immediately	  
how	  much	  the	  capacitance	  differed	  between	  them,	  with	  the	  flexographically	  printed	  
electrodes	   showing	   a	   much	   higher	   capacitance	   than	   the	   lithographically	   printed	  
electrodes	  (Figure	  111).	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Figure	  111	  -­‐	  Cyclic	  voltammograms	  of	  supercapacitors	  using	  Lithographically	  (black	  
line)	  and	  Flexographically	  (red	  line)	  printed	  electrodes	  
(Sagu,	  J.S.,	  et	  al.	  2015,	  p.84)	  
	  
4.3	  Durability	  and	  flexibility	  of	  flexographic	  printed	  
supercapacitors	  
	  
The	  project	  focus	  then	  turned	  to	  testing	  the	  physical	  durability	  and	  flexibility	  of	  the	  
flexographically	   printed	   supercapacitors.	   The	   supercapacitor’s	   performance	   was	  
tested	   using	   cyclic	   voltammograms	   one	   before	   and	   one	   after	   rolling	   the	  
supercapacitor	   (Figure	  112).	   The	   ‘after	   rolling’	  measurement	  was	   conducted	  whilst	  
the	  supercapacitor	  was	  rolled	  as	  shown	  in	  the	  inset.	  This	  result	  shows	  that	  there	  was	  
no	  significant	  change	  in	  performance	  when	  rolling	  the	  device,	  or	  actually	  bending	  it	  
in	  any	  direction.	  	  
	  
Figure	  112	  -­‐	  Cyclic	  voltammograms	  of	  the	  flexographically	  printed	  solid	  state	  
supercapacitor	  before	  (black	  line)	  and	  after	  (red	  line)	  rolling.	  The	  inset	  shows	  an	  
image	  of	  the	  supercapacitor	  in	  its	  rolled	  state.	  
(Sagu,	  J.S.,	  et	  al.	  2015,	  p.85)	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The	   flexographically	  printed	  supercapacitor	  was	   then	  tested	   further	  by	   folding	   it	   in	  
half	  by	   forming	  a	   crease	  by	  applying	  pressure	  along	   the	   fold	   line,	   this	   stopped	   the	  
supercapacitor	   from	   working,	   it	   was	   thought	   to	   have	   stopped	   working	   due	   to	   a	  
short-­‐circuit	  between	  the	  electrodes	  along	  the	  fold	  line.	  However,	  after	  compressing	  
the	   supercapacitor	   using	   a	   10	   ton	   press,	   some	   of	   the	   capacitance	  was	   recovered,	  
thought	   to	   be	   due	   to	   the	   redistribution	   of	   the	   gel	   electrolyte	   over	   the	   electrode	  
surface.	   These	   results	   demonstrated	   the	   flexible	   solid	   state	   supercapacitor’s	  
excellent	   robustness.	  Cyclic	   voltammograms	  were	  used	   to	   test	   the	   flexographically	  
printed	   supercapacitor	   before	   folding,	   after	   folding,	   and	   after	   applying	   the	   10	   ton	  
compression	  (Figure	  113).	  
	  
	  
Figure	  113	  -­‐	  Cyclic	  voltammograms	  of	  the	  flexographically	  printed	  solid	  state	  
supercapacitor	  before	  (black	  line)	  and	  after	  folding	  (red	  line),	  and	  after	  applying	  10	  
ton	  pressure	  (blue	  line).	  
(Sagu,	  J.S.,	  et	  al.	  2015,	  p.85)	  
	  
4.4	   LED	   Demonstrator	   using	   flexographic	   printed	  
supercapacitors	  
	  
A	   demonstrator	  was	   created	   (Figure	   114)	   to	   demonstrate	   the	   performance	   of	   the	  
flexographically	  printed	  supercapacitors	  by	  using	  them	  to	   illuminate	  a	  1.6	  V	  yellow	  
LED.	  Three	  supercapacitors	  were	  connected	  in	  series	  to	  build	  the	  voltage	  capability	  
to	  2.4	  V,	  and	  then	  two	  more	  sets	  of	  these	  were	  connected	  in	  parallel	  to	  increase	  the	  
overall	  storage	  of	  the	  stack.	  The	  stack	  was	  charged	  to	  2.4	  V	  and	  then	  used	  to	  power	  
the	  LED	  for	  90	  seconds,	  with	  gradual	  decay	  of	  the	  LED	  brightness	  over	  time,	  until	  the	  
voltage	  of	  the	  stack	  fell	  below	  1.6	  V,	  which	  was	  the	  rated	  operating	  voltage	  for	  the	  
yellow	  LED	  (Sagu,	  J.S.,	  et	  al.	  2015,	  p.85).	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Figure	  114	  -­‐	  Showing	  the	  design	  and	  structure	  of	  the	  supercapacitor	  stack	  and	  
showing	  it	  powering	  a	  1.6	  V	  yellow	  LED.	  
(Sagu,	  J.S.,	  et	  al.	  2015,	  p.85)	  
	  
4.5	  Reflective	  analysis	  
	  
Data	   was	   gathered	   from	   the	   researcher’s	   perspective	   through	   a	   reflective	  
practitioner/practice	  or	  reflexivity	  perspective.	  Creswell	  identifies	  ‘reflexivity’	  as:	  “In	  
qualitative	  research,	  the	  inquirer	  reflects	  about	  how	  their	  role	  in	  the	  study	  and	  their	  
personal	   background,	   culture,	   and	   experiences	   hold	   potential	   for	   shaping	   their	  
interpretations,	   such	  as	   themes	   they	  advance	  and	   the	  meaning	   they	  ascribe	   to	   the	  
data.	  This	  aspect	  of	  the	  methods	  is	  more	  than	  merely	  advancing	  biases	  and	  values	  in	  
the	   study,	   but	   how	   the	   background	   of	   the	   researchers	   actually	   may	   shape	   the	  
direction	   of	   the	   study”	   (Creswell,	   J.W.,	   2014,	   p.186).	   The	   researcher/inquirer’s	  
background	   is	   in	   product	   design,	   this	   allows	   the	   analysis	   of	   this	   action	   research	  
experience	  from	  two	  different	  perspectives:	   from	  a	  product	  designer’s	  perspective,	  
and	  from	  a	  research	  perspective.	  	  
	  
From	   a	   research	   perspective,	   it	   provided	   the	   inquirer	   with	   a	   valuable	   first-­‐hand	  
experience	   of	   printed	   electronics	   technology	   in	   showing	   how	   thin	   and	   lightweight	  
the	   technology	   is	   and	   how	   a	   particular	   electronic	   component	   is	   assembled	   and	  
works,	   its	  performance	  capabilities	  and	  durability,	  and	  how	  tests	  are	  conducted	  on	  
printed	   electronic	   components,	   which	   is	   an	   experience	   that	   cannot	   be	   gained	  
through	  the	  literature.	  	  
	  
From	  a	  product	  designer’s	  perspective,	  it	  provided	  the	  inquirer	  with	  the	  experience	  
of	   how	   an	   individual	   with	   a	   background	   in	   chemistry	  would	   communicate	  what	   a	  
particular	   printed	   electronic	   component	   is	   and	   how	   it	   works.	   An	   interesting	  
observation	  was	  the	  approach	  of	  ‘learning	  by	  doing’,	  this	  was	  a	  valuable	  experience	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when	   it	   came	   to	   understanding	  why	   a	   component	  may	   not	   be	  working.	   The	  most	  
likely	  reason	  why	  the	  supercapacitor	  (the	  printed	  electronic	  component	  in	  the	  action	  
research),	   was	   not	   working	   was	   due	   to	   the	   electrolyte	   used	   as	   it	   could	   provide	  
difficulties	   such	   as	   gaps	   forming	   in	   it,	   it	   drying	   out,	   it	   not	   being	   or	   staying	   evenly	  
distributed	  over	  the	  electrodes,	  and	  sealing/encapsulating	  issues	  to	  name	  a	  few.	  So	  
even	   though	   this	   was	   very	   interesting,	   strictly	   thinking	   from	   a	   product	   designer’s	  
perspective,	  these	  potential	  leakage	  issues	  may	  only	  make	  a	  difference	  to	  where	  the	  
component	   is	  placed	   in	  a	  design.	  However,	   this	  could	  be	   resolved	  with	  a	  sufficient	  
amount	  of	  encapsulation	  materials	  implemented	  within	  a	  design.	  	  
	  
The	  experience	  enlightened	  the	  inquirer	  to	  recognise	  which	  are	  the	  most	  important	  
parts	   (to	  a	  designer)	  of	   the	   technology	   for	   the	  designers	   to	  engage	  with	  and	   learn	  
about	   and	   to	   consider	   in	   their	   designs.	   The	   ‘most	   important	   parts’	   of	   printed	  
electronics	   technology	   to	  a	  designer	  would	  be	  each	  of	   the	  electronic	   component’s	  
characteristics,	   such	   as	   what	   its	   physical	   shape	   is	   or	   can	   be	   (thin,	   lightweight,	  
flexibility,	  bendability,	  whether	   it	  can	  be	  rolled	  up	  etc.)	  and	  what	  the	  component’s	  
function	   is	   (it	   can	   store	   power,	   produce	   light,	   can	   sense	   humidity	   etc.).	   These	  
characteristics	  can	  be	  described	  as	  ‘form’	  and	  ‘function’,	  an	  approach	  or	  language	  in	  
which	  designers	  are	  accustomed	  to.	  	  
	  
4.6	  Summary	  	  
	  
From	  this	  immersive	  pilot	  study,	  there	  have	  been	  important	  points	  noted	  that	  need	  
to	   be	   considered	   when	   translating	   this	   technology	   to	   student	   designers.	   This	  
electrode	   and	   supercapacitor	   research	   emphasises	   how	   important	   it	   is	   to	   know	  
about	   the	   electrical	   properties	   and	   structure	   of	   electronic	   components.	   It	  
demonstrated	   how	   due	   to	   the	   gel	   electrolyte’s	   properties	   used	   within	   the	  
supercapacitor,	   how	   an	   electrical	   component	   such	   as	   a	   supercapacitor	   can	   be	  
redeemed	   if	   seriously	  damaged,	   thanks	   to	   the	  gel	  property	  of	   the	  electrolyte.	   This	  
fact	   is	   of	   interest	   to	   this	   research	   as	   it	   demonstrates	   how	   being	   aware	   of	   an	  
electronic	   component’s	   structure	   is	   important	   to	   know	   as	   it	   could	   influence	   a	  
designer’s	  decision	  in	  their	  placement	  of	  the	  component	  within	  a	  product.	  	  
	  
Whilst	  knowledge	  of	  an	  electronic	  component’s	  structure	  would	  be	  good	  knowledge	  
to	   have,	   it	  may	  be	   too	   in-­‐depth	   for	   a	   designer’s	   needs.	  However,	   this	   information	  
could	   be	   translated	   into	   a	   language	   that	   designers	   could	   understand	   much	   more	  
easily	   and	   that	   a	   designer	  would	   see	   the	   information	   being	   of	   use,	   as	   opposed	   to	  
viewing	   it	  as	  being	  back	   in	  a	  chemistry	   lesson	   (as	   it	  may	  have	   limited	  appeal	   if	   the	  
designers	   did	  not	   have	   a	   strong	   chemistry	   background/knowledge).	   Therefore,	   the	  
designers	  would	  benefit	  from	  an	  electrical	  component’s	  information	  being	  presented	  
to	   them	   in	  a	  way	   that	   they	   can	  directly	   relate	   it	   to	  a	  design.	   For	  example,	   for	   this	  
particular	  supercapacitor	  component	  within	  this	  action	  research	  could	  be	  presented	  
to	  the	  designers	  with	  regards	  to	  its	  physical	  properties	  as:	  a	  power	  source	  that	  can	  
be	  rolled	  or	  used	  in	  something	  that	  is	  bendable	  or	  flexible,	  often	  used	  in	  conjunction	  
with	  a	  battery,	  and	  must	  not	  be	  folded.	  Equipped	  with	  this	   information,	  a	  designer	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can	  begin	  to	  visualise	  what	  shape	  and	  form	  a	  product	  could	  be,	  or	  would	  need	  to	  be	  
in	  order	  to	  include	  this	  printed	  electronic	  component.	  	  
	  
Experiencing	   the	   action	   research	   from	   a	   product	   designer’s	   perspective,	   the	  
researcher	   experienced	   how	   an	   individual	   with	   a	   background	   in	   chemistry	   would	  
communicate	  what	  a	  particular	  printed	  electronic	  component	   is	  and	  how	   it	  works.	  
This	   demonstrated	   how	   different	   technologists	   and	   designers	   may	   communicate	  
printed	   electronics	   technology,	   in	   relation	   to	   how	   they	   view	   and	   understand	   the	  
technology.	  
Experiencing	   the	   action	   research	   from	   a	   product	   designer’s	   perspective,	   the	  
researcher	   found	   the	   approach	   of	   ‘learning	   by	   doing’	   to	   be	   a	   valuable	   experience	  
when	  it	  came	  to	  understanding	  why	  a	  component	  may	  not	  be	  working.	  	  This	  hands-­‐
on	  approach	  was	  engaging,	  and	  also	  learning	  about	  areas	  such	  as	  potential	   leakage	  
issue,	   so	   if	   a	   printed	   electronic	   component	   could	  make	   a	   difference	   to	   a	   designer	  
when	   it	   comes	   to	   choosing	  where	   a	   component	   is	   placed	  within	   a	   design.	  Whilst,	  
from	   a	   designers	   perspective,	   this	   potentially	   could	   be	   resolved	   with	   a	   sufficient	  
amount	  of	  encapsulation	  material	  implemented	  within	  a	  design,	  it	  could	  still	  make	  a	  
difference	   to	   where	   a	   designer	   would	   place	   it	   within	   a	   design,	   as	   if	   it	   has	   the	  
potential	   to	   leak,	   it	  may	   need	   to	   be	   replaced	   at	   some	  point,	   and	   therefore	  would	  
need	  to	  be	  in	  a	  part	  of	  the	  design	  that	  is	  easily	  accessible.	  	  
In	   the	  action	   research,	   the	  experience	  enlightened	   the	   inquirer	   to	   recognise	  which	  
are	  the	  most	  important	  parts	  (to	  a	  designer)	  of	  the	  technology	  for	  the	  designers	  to	  
engage	  with	  and	  learn	  about	  and	  to	  consider	   in	  their	  designs.	  The	  ‘most	   important	  
parts’	  of	  printed	  electronics	  technology	  to	  a	  designer	  would	  be	  each	  of	  the	  electronic	  
component’s	   characteristics,	   such	   as	   what	   its	   physical	   shape	   is	   or	   can	   be	   (thin,	  
lightweight,	   flexibility,	   bendability,	  whether	   it	   can	   be	   rolled	   up	   etc.)	   and	  what	   the	  
component’s	  function	  is	  (it	  can	  store	  power,	  produce	  light,	  can	  sense	  humidity	  etc.).	  
These	   characteristics	   can	   be	   described	   as	   ‘form’	   and	   ‘function’,	   an	   approach	   or	  
language	  in	  which	  designers	  are	  accustomed	  to.	  	  
The	  outcomes	  of	  this	  research	  were	  published	  (Sagu,	  J.S.,	  et	  al.	  2015),	  but	  also	  the	  
creation	  and	  filing	  of	  an	   international	  patent	  (Southee,	  D.	  et	  al.,	  2017)	  that	  reports	  
techniques	  used	  to	  release/peel	  the	  printed	  electronics	  supercapacitor	  away	  from	  its	  
substrate	   with	   no	   additional	   release	   agents.	   This	   ability	   to	   create	   substrate-­‐less	  
printed	   electronics	   could	   open	   up	  more	   opportunities	  within	   design,	   as	  without	   a	  
substrate,	  printed	  electronics	  can	  conform	  better	  to	  3D	  surfaces,	  which	  widens	  the	  
options	  for	  designers	  when	  incorporating	  it	  into	  designs.	  
In	  experiencing	  the	  technology	  first-­‐hand,	  it	  also	  strengthened	  the	  researcher’s	  case	  
for	  using	  technology	  readiness	  levels	  (TRLs)	  as	  using	  these	  levels	  are	  important	  when	  
discussing	   and	   communicating	   this	   technology,	   as	   each	   of	   the	   levels	   marks	   a	  
significant	  milestone	  in	  a	  technology’s	  progression.	  This	  progress	  level	  can	  also	  have	  
an	  affect	  on	  whether	  a	  piece	  of	   the	   technology	  gets	   further	   investment	  or	  not	   for	  
further	  development,	  as	   those	  who	  make	   the	   investment	  decisions	  have	   to	  decide	  
whether	   that	   technology	  would	   eventually	   produce	   a	   return	   on	   investment	   either	  
financially	   or	   through	   raising	   the	   profile	   of	   an	   organisation	   through	   academic	  
publications.	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5.0	  TRL	  approach	  and	  Taxonomy	  
	  
5.1	  Strategies	  
	  
Following	   the	   outcomes	   of	   the	   literature	   review	   and	   immersive	   pilot	   study,	   two	  
pieces	  of	  information	  need	  to	  be	  created	  to	  fill	  the	  gaps	  in	  the	  current	  knowledge	  of	  
this	   technology.	   These	   are	   firstly	   an	   approach	   to	   assess	   the	   impact	   of	   printed	  
electronics	  technology	  that	  brings	  together	  a	  grading	  system	  appropriate	  to	  be	  used	  
in	   this	   technology.	   The	   second	   is	   a	   method	   of	   classifying	   and	   arranging	   the	  
information	  on	  printed	  electronics	  technology	  and	  the	  processes	  used.	  
	  
Bringing	   together	   these	   two	   pieces	   of	   information	   specifically	   created	   for	   printed	  
electronics	   technology	  will	   help	   to	   build	   the	   framework	   of	   this	   technology,	  where	  
the	  information	  can	  be	  extracted	  from,	  for	  when	  ultimately	  educating	  designers.	  
	  
5.1.1	  TRL	  approach	  adopted	  for	  this	  printed	  electronics	  
research	  
	  
A	  composite	  table	  (Table	  9)	  has	  been	  created	  below	  to	  more	  easily	  compare	  these	  
existing	   TRL	   scales	   (2.5.2	   Chosen	   impact	   assessment	   method),	   selecting	   the	   most	  
appropriate	  descriptions	   to	  be	  used	   for	   a	   TRL	   scale	   to	  be	   adopted	   for	   this	   printed	  
electronics	   research.	   The	  wording	   is	   critical	  when	   selecting	   the	  description	   for	   the	  
levels	  for	  this	  topic	  as	  it	  needs	  to	  be	  in	  the	  right	  context,	  for	  example,	  NASA’s	  TRL	  9	  
definition	  would	  not	  be	  appropriate	  as	  it	  refers	  to	  this	  level	  as	  being	  “flight	  proven”	  
(NASA,	   2012).	   In	   this	   case,	   this	  wording	   is	   only	   appropriate	   to	   be	   used	  within	   this	  
aerospace	   TRL	   scale,	   as	   it	   is	   too	   specific	   to	   that	   field.	   Also	   in	   cases	   where	   the	  
definition	   is	   the	   same,	   such	   as	  when	   comparing	   TRL	   1	   for	   both	   CPI	   and	   TSB,	   both	  
defined	  as	  ‘Basic	  idea’,	  the	  information	  is	  used	  from	  the	  source	  that	  is	  least	  biased	  to	  
their	   industry/topic,	   and	   also	   which	   is	   most	   respected/recognised	   to	   validate	   the	  
decision,	  so	  in	  this	  particular	  case,	  TSB	  was	  used.	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Table	  9	  	  -­‐	  Composite	  Table	  for	  TRL	  Scales	  
TRL	  
Number	  
NASA	   CCEFP	   CPI	   TSB	   New	  composite	  
information	  for	  
printed	  
electronics	  
research	  
9	   Actual	   system	   “flight	  
proven”	   through	  
successful	   mission	  
operations	  
Commerci
alisation	  
(Nothing	  
for	  TRL	  9)	  
Capability	  
validated	   on	  
full	   range	   of	  
parts	   over	   long	  
periods	  
Commercialisatio
n	   and	   capability	  
validated	   on	   full	  
range	   of	   parts	  
over	  long	  periods	  
8	   Actual	   system	  
completed	   and	   “flight	  
qualified”	   through	   test	  
and	   demonstration	  
(ground	  or	  space)	  
Extended	  
operation	  
of	  
production	  
hardware	  
Capability	  
validated	  
range	   of	  
parts	  
Capability	  
validated	   over	  
range	  of	  parts	  
Extended	  
operation	   of	  
production	  
hardware	  	  
7	   System	   prototype	  
demonstration	   in	   a	  
space	  environment	  
Demonstra
tion	  of	  pre-­‐
production	  
hardware	  
Capability	  
validated	  
economic	  
run	  
Capability	  
validated	   on	  
economic	  runs	  
Demonstration	  of	  
pre-­‐production	  
hardware	   and	  
capability	  
validated	   on	  
economic	  runs	  
6	   System/subsystem	  
model	   or	   prototype	  
demonstration	   in	   a	  
relevant	   environment	  
(ground	  or	  space)	  
Prototype	  
demonstra
tion	  
(“looks	  
like”	  
hardware)	  
Process	  
capability	  
validated	  
Process	  
capability	   on	  
production	  
equipment	   (or	  
demonstrator)	  
Prototype	  
demonstration	  
(“looks	   like”	  
hardware)	   and	  
process	  capability	  
on	   production	  
equipment	  
5	   Component	   and/or	  
breadboard	   validation	  
in	   relevant	  
environment	  
Prototype	  
demonstra
tion	   (“acts	  
like”	  
hardware)	  
Process	  
validation	  
production	  
scale	  
Process	  
validated	   on	  
production	  
equipment	   (or	  
demonstrator)	  
Prototype	  
demonstration	  
(“acts	   like”	  
hardware)	   and	  
process	  
validation	   on	  
production	  
equipment	  
4	   Component	   and/or	  
breadboard	   validation	  
in	   laboratory	  
environment	  
Proof	   of	  
concept	  
validation	  
(integratin
g	  
componen
ts)	  
Process	  
validation	  
in	  lab	  
Process	  
validated	   in	  
laboratory	  
Proof	   of	   concept	  
validation	  
(integrating	  
components)	   and	  
process	  
validation	   in	  
laboratory	  
3	   Analytical	   and	  
experimental	   critical	  
function	   and/or	  
characteristic	   proof-­‐of-­‐
concept	  
Proof	   of	  
concept	  
research	  
(bench	  
scale)	  
Proof	   of	  
concept	  
Experimental	  
proof	   of	  
concept	  
Proof	   of	   concept	  
research	   (bench	  
scale)	   and	  
experimental	  
proof	  of	  concept	  
2	   Technology	   concept	  
and/or	   application	  
formulated	  
Academic	  
Research	  
Concept	  
developed	  
Concept	  
developed	  
Concept	  
developed	  
1	   Basic	   principles	  
observed	  and	  reported	  
(Nothing	  
for	  TRL	  1)	  
Basic	  idea	   Basic	  idea	   Basic	  idea	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5.1.1.1	   Printed	   electronics	   technology	   readiness	   level	   (TRL)	  
scale	  
	  
Using	   a	   combination	   of	   the	   TRL	   systems,	   the	  most	   appropriate	   descriptions	   were	  
specifically	  selected	  (Table	  9)	  to	  ensure	  that	  the	  correct	  language	  was	  applied,	  as	  the	  
wording	   is	   critical	   when	   selecting	   the	   description	   for	   the	   levels	   for	   this	   printed	  
electronics	   topic	  as	   it	  needs	   to	  be	   in	   the	   right	   context.	  Considering	   the	   specifically	  
selected	  information	  and	  layout,	  a	  series	  of	  images	  were	  created	  to	  help	  relate	  this	  
TRL	   system	   directly	   to	   printed	   electronics,	   which	   can	   be	   seen	   in	   the	   TRL	   system	  
below	   (Figure	  115).	   It	  has	  been	  created	  as	   it	  gives	   the	   research	  a	  greater	  depth	  of	  
analysis,	  it	  also	  helps	  for	  contextualisation	  and	  to	  determine	  which	  TRL	  is	  related	  to	  
which	   stage	   of	   printed	   electronics,	   and	   how	   close	   the	   technology/product	   is	   to	  
commercialisation.	  Using	   this	  TRL	  system	  created	   for	  printed	  electronics,	  examples	  
can	  be	  analysed	  to	  determine	  the	  findings	  and	  also	  assign	  the	  TRLs	  achieved	  in	  each	  
example.	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Figure	  115	  -­‐	  TRL	  system	  for	  Printed	  Electronics	  
	  
During	   the	   literature	   review,	   when	   looking	   at	   product	   examples	   that	   use	   printed	  
electronics	  technology	  (2.4.2	  Printed	  electronics	  product	  examples	  and	  Appendix	  1:	  
In-­‐depth	   examination	   of	   printed	   electronics	   product	   examples),	   it	   is	   already	   clear	  
that	  these	  product	  examples	  vary	  in	  which	  TRL	  numbers	  they	  would	  reach.	  The	  only	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ones	   that	   are	   certain	   are	   the	   ones	   that	   are	   already	   commercially	   available,	   these	  
would	  reach	  TRL	  9	  as	  they	  are	  available	  to	  buy;	  the	  other	  product	  examples	  are	  open	  
to	  debate	  on	  their	  TRL	  number	  as	  sometimes	  it	  is	  not	  always	  clear	  in	  the	  publications	  
with	   stating	   just	   how	   far	   they	   have	   been	   developed	   or	   which	   manufacturing	  
processes	  have	  been	  used.	  	  
	  
	  
5.1.2	  Taxonomies	  
	  
There	  are	  many	  different	  ways	  of	   classifying	  objects,	   throughout	  history,	   in	  one	  of	  
the	   earliest	   forms,	   humans	   have	   grouped	   similar	   objects	   that	   share	   certain	  
properties,	  such	  as	  being	  edible,	   ferocious,	  or	  poisonous	  etc.	   to	   fundamentally	   link	  
objects	  with	   language.	   This	   can	   then	   be	   further	   grouped	   or	   subdivided	   down	   into	  
more	   complex	   or	   detailed	   areas	   in	   order	   to	   describe	   types	   of	   objects	   that	   have	  
striking	   features	   in	   common	   e.g.	   animals	   such	   as	   cats,	   dogs	   etc.,	   and	   then	   into	  
animals	  blood	  types	  (those	  that	  have	  red	  blood	  and	  those	  that	  lack	  it),	  ways	  in	  which	  
young	   are	   produced	   such	   as	   alive,	   in	   eggs,	   pupae	   etc.	   For	   increasingly	   complex	  
topics,	   there	   is	   a	   need	   for	   a	   system	   in	   order	   to	   not	   only	   classify	   but	   also	   the	  
arrangement	   of	   different	   classifications,	   such	   as	   to	   demonstrate	   hierarchies,	  
subcategories,	   and	   subspecies	   etc.	   (see	   chapter/section	   2.4.4	   Technology	  
framework).	  
	  
The	   chosen	   method	   of	   classifying	   and	   arranging	   the	   information	   on	   printed	  
electronics	   technology	   is	   to	   use	   a	   taxonomy.	   This	   offers	   a	   clear	   and	   structured	  
method	  of	  arranging	  and	  categorising	  printed	  electronics.	  
	  
Due	  to	  the	  qualitative	  nature	  of	  this	  research,	  a	  classificatory	  system	  is	  necessary	  to	  
explore	  and	  categorise	  the	  data,	  in	  this	  case	  the	  form	  of	  a	  taxonomy.	  This	  provides	  
the	  working	   framework	   of	   the	   topics	   to	   form	  a	   backbone	  of	   the	   research	   (Davies,	  
2007,	  p234).	  	  
	  
	  
	  
5.1.2.1	  Taxonomy	  of	  printed	  electronics	  
	  
It	   seems	  possible	  at	   this	  point	   in	   the	   research	   to	   formulate	  a	   taxonomy	  of	  printed	  
electronics.	   This	   arrives	  at	   six	   key	  areas	  based	  on	   the	  global	   capabilities.	   These	   six	  
categories	  are	  Interconnect,	  Passive	  Components,	  Sensors,	  Displays,	  Power	  Sources,	  
and	  Active	  Components;	  they	  are	  defined	  further	  below	  in	  the	  chronological	  order	  of	  
their	   initial	   development.	   The	   taxonomy	   helps	   to	   determine	   the	   gaps	   in	   the	  
capabilities.	  The	  order	  of	  the	  six	  areas	  are	  displayed	  in	  the	  chronology	  of	  evolution,	  
for	   example,	   in	   order	   to	   achieve	   Passive	   Components,	   Interconnect	   must	   be	  
achieved	  first.	  Active	  Components	  are	  holding	  up	  the	  evolution	  of	  printed	  electronics	  
as	  they	  are	  the	  most	  difficult	  to	  produce,	  and	  only	  a	  few	  have	  been	  achieved.	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These	  six	  areas	  have	  been	  chosen	  to	  help	  the	  designers	  learn,	  for	  example,	  sensors	  
are	  a	  passive	  component,	  but	  when	  designing	  they	  can	  almost	  be	  viewed	  as	  a	  stand-­‐
alone	  element	  to	  consider	  or	  incorporate	  into	  a	  design	  as	  it	  serves	  a	  defined	  tangible	  
function,	  such	  as	  detecting	  temperature	  or	  gas.	  There	  are	  overlaps	  in	  the	  taxonomy	  
(Figure	   116),	   but	   it	   is	   aimed	   to	   transfer	   this	   topic	   knowledge	   across	   in	   a	  way	   that	  
designers	  can	  understand	  and	  relate	  to.	  A	  specific	  taxonomy	  for	  printed	  electronics	  
is	   needed	   as	   opposed	   to	   simply	   building	   on	   or	   adding	   to	   an	   existing	  
standard/conventional/silicon	   electronics	   taxonomy	   as	   the	   capabilities	   of	  
conventional	   electronics	   is	   far	   higher	   in	   comparison	   to	   that	   of	   printed	   electronics.	  
Printed	  electronics	  therefore	  needs	  to	  be	  separate,	  as	  in	  its	  nature	  it	  does	  not	  ‘build	  
on’	  conventional	  electronics,	  as	  they	  differ	  greatly	  in	  their	  performance	  abilities.	  The	  
large	   number	   of	   sub-­‐sections/categories	   within	   each	   of	   the	   six	   areas	   is	   also	  
necessary	   as	   it	   provides	   the	   required	   resolution	   of	   the	   technology’s	   taxonomy	   in	  
order	  to	  evaluate	  it	  and	  find	  the	  gaps	  in	  its	  capabilities.	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Figure	  116	  -­‐	  Taxonomy	  of	  Printed	  Electronics	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5.1.3	  Summary	  
	  
In	  this	  chapter	  the	  Technology	  Readiness	  Level	  (TRL)	  approaches	  found	  through	  the	  
literature	  review	  were	  compared	  and	  the	  most	  appropriate	  descriptions	  selected	  to	  
create	  a	  TRL	   scale	   to	  be	  adopted	   for	   this	  printed	  electronics	   research.	  Considering	  
this	  information	  and	  layout,	  a	  series	  of	  images	  were	  created	  in	  this	  research	  to	  help	  
relate	   this	   TRL	   system	  directly	   to	  printed	  electronics,	   giving	   the	   research	  a	  greater	  
depth	  of	  analysis,	  and	  helping	   for	   contextualisation	  and	   to	  determine	  which	  TRL	   is	  
related	  to	  which	  stage	  of	  printed	  electronics,	  and	  how	  close	  the	  technology/product	  
is	   to	   commercialisation.	   Using	   this	   TRL	   system	   created	   for	   printed	   electronics,	  
examples	   can	   be	   analysed	   to	   determine	   the	   findings	   and	   also	   assign	   the	   TRLs	  
achieved	  in	  each	  example.	  
	  
The	   different	   electronic	   elements/components/areas,	   and	   the	   chosen	   type	   of	  
technology	   framework	   ‘a	   taxonomy’	   found	   through	   the	   literature	   review	   were	  
combined	   to	   create	   the	   taxonomy	   of	   printed	   electronics.	   Consisting	   of	   six	   main	  
areas,	  chosen	  to	  help	  designers	  learn	  through	  the	  association	  with	  tangible	  function,	  
with	   an	   aim	   to	   transfer	   this	   topic	   knowledge	   across	   in	   a	   way	   that	   designers	   can	  
understand	  and	  relate	  to.	  
	  
These	   two	   pieces	   of	   information	   (printed	   electronics	   TRL	   scale,	   and	   taxonomy	   of	  
printed	   electronics)	   are	   aimed	   at	   practicing	   designers,	   to	   educate	   designers	   about	  
this	   technology.	  This	   information	  has	  not	  been	  designed	   to	  appeal	   to	   those	  with	  a	  
hobby-­‐based	   interest,	   such	   as	   the	   ‘maker	   culture/community’	   (those	   who	   are	   a	  
technology-­‐based	  extension	  of	  DIY	   culture,	  who	  have	   a	   cut-­‐and-­‐paste	   approach	   to	  
standardised	  hobbyist	  technologies)	  or	  ‘hackers’	  (those	  who	  are	  hobbyists,	  wanting	  
to	  customise	  or	  combine	  electronics).	  Instead,	  this	  information	  is	  aimed	  at	  designers	  
who	  can	  optimise	  this	  technology	  on	  a	  mass	  scale	  through	  well	  thought	  out	  design,	  
to	  encourage	  new	  ways	  of	  thinking,	  new	  products	  and	  long	  lasting	  solutions.	  
	  
In	   the	   following	   section,	   these	   two	  pieces	  of	   information	  are	  presented	   to	  printed	  
electronics	  experts	   in	  order	  to	  test	  how	  viable	  this	   information	   is	   (from	  a	  technical	  
perspective).	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5.2	  Appraisal	  of	  TRL	  approach	  and	  taxonomy	  	  
	  
To	  test	  how	  viable	  the	  information	  is,	  confirmation	  of	  the	  information	  is	  needed,	  so	  
semi-­‐structured	   interviews	   with	   printed	   electronics	   experts	   were	   undertaken.	   In	  
each	   of	   the	   interviews,	   two	   pieces	   of	   information	  were	   presented	   separately:	   the	  
‘Printed	   Electronics	   Technology	   Readiness	   Level	   (TRL)	   Scale’	   (Figure	   115),	   and	   the	  
‘Taxonomy	   of	   Printed	   Electronics’	   (Figure	   116).	   A	   third	   piece	   of	   information	   was	  
presented	   at	   the	   end	   of	   the	   interview	   for	   the	   final	   question;	   it	   was	   an	   activity	   in	  
which	   the	   experts	   were	   asked	   to	   assign	   a	   TRL	   number	   to	   the	   examples	   provided	  
(Figure	  125,	  Figure	  126).	  
	  
The	  interviews	  were	  recorded	  using	  two	  cameras	  to	  capture	  video	  and	  audio	  to	  be	  
used	  when	  transcribing	  them	  to	  ensure	  accuracy	  of	  information	  and	  to	  help	  keep	  the	  
interview	   in	   context,	   this	   proved	   very	   useful	   when	   observing	   body	   language	   and	  
expressive	  hand	  gestures	   in	   relation	   to	   the	   spoken	  words.	  The	   first	   camera	  was	   to	  
capture	  the	  paper	  work/information	  being	  presented,	   this	  was	  positioned	  over	   the	  
paperwork;	  the	  experts	  were	  asked	  to	  use	  the	  nib	  of	  a	  pen	  to	  point	  to	  the	  sections	  
being	  discussed	  at	  that	  time.	  The	  second	  camera	  was	  to	  capture	  any	  body	  language	  
etc.	   The	   experts	   were	   also	   encouraged	   to	   make	   annotations	   on	   the	   information	  
presented.	   Before	   conducting	   the	   interviews,	   the	   ‘ethical	   clearance	   checklist’	  
(Appendix	   5.1:	   Ethical	   Clearance	   Checklist),	   ‘adult	   participant	   information	   sheet’	  
(Appendix	   5.2:	   Adult	   Participant	   Information	   Sheet),	   and	   ‘informed	   consent	   form’	  
(Appendix	   5.3:	   Informed	   Consent	   Form)	   was	   checked	   and	   approved	   by	   both	   PhD	  
supervisors	  and	  Loughborough	  University.	  The	   ‘adult	  participant	   information	  sheet’	  
and	   the	   ‘informed	   consent	   form’	   was	   presented	   to	   the	   participants	   prior	   to	   the	  
interviews	  to	  provide	  them	  with	  an	  understanding	  of	  what	  the	  study	  is	  about,	  inform	  
them	   that	   the	   interview	   will	   be	   recorded	   using	   video	   and	   audio	   recording	  
equipment,	  what	  they	  will	  be	  asked	  to	  do,	  etc.,	  (adult	  participant	  information	  sheet)	  
and	  also	  if	  they	  are	  happy	  with	  these	  interview	  conditions,	  that	  they	  can	  confirm	  to	  
proceed	   with	   the	   interview	   (informed	   consent	   form).	   The	   time	   duration	   of	   each	  
semi-­‐structured	  interview	  was	  one	  hour.	  	  
	  
5.2.1	  Purpose	  
	  
The	   purpose	   of	   the	   semi-­‐structured	   interviews	   was	   to	   gather	   and	   explore	  
perceptions,	  thoughts,	  opinions	  and	  feelings	  about	  the	  information	  presented.	  	  
	  
5.2.2	  Aims	  
	  
• Assess	  the	  taxonomy	  for	  printed	  electronics	  
• Assess	  and	  validate	  the	  presented	  TRL	  system	  
• Identify	   any	   barriers	   to	   the	   commercialisation	   of	   printed	   electronics	  
technology	  (from	  the	  technical	  perspective	  of	  printed	  electronics	  experts)	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5.2.3	  Sample	  size	  	  
Blessing	   and	   Chakrabarti	   discuss	   about	   a	   sample	   size	   required	   for	   a	   study	   “The	  
relevance	  of	  statistics	  and	  hence	  of	  sample	  size,	  is	  related	  to	  the	  approach	  taken,	  i.e.,	  
the	  paradigm	  chosen.	  The	  most	   suitable	   sample	  size	  depends	  on	  many	   factors,	  but	  
foremost	  on	  the	  research	  questions	  and	  hypotheses	  to	  be	  addressed.	  For	  that	  reason,	  
a	  study	  with	  a	  sample	  size	  of	  ‘1’	  can	  be	  as	  valuable	  as	  a	  study	  with	  a	  sample	  size	  of	  
1500,	  but	  only	   if	  the	  research	  questions,	  the	  research	  methods,	  and	  the	  conclusions	  
are	  in	  line	  with	  the	  sample	  size”	  	  (Blessing,	  and	  Chakrabarti,	  2009.	  p.	  275).	  	  
Purposefully	   selected	   individuals	  will	  be	   the	  participants	   in	   this	   study,	  as	  discussed	  
by	  Creswell:	  “Identify	  the	  purposefully	  selected	  sites	  or	   individuals	   for	  the	  proposed	  
study.	   The	   idea	  behind	  qualitative	   research	   is	   to	  purposefully	   select	   participants	   or	  
sites	  (or	  documents	  or	  visual	  material)	  that	  will	  best	  help	  the	  researcher	  understand	  
the	   problem	   and	   the	   research	   question.	   This	   does	   not	   necessarily	   suggest	   random	  
sampling	  or	  selection	  of	  a	  large	  number	  of	  participants	  and	  sites,	  as	  typically	  found	  in	  
quantitative	  research”	  (Creswell,	  2014,	  p.	  189).	  
	  
Three	  printed	  electronics	  experts	  were	  chosen	  for	  participation	  in	  this	  research	  from	  
varying	   backgrounds	   and	   interests	   in	   the	   technology,	   they	   are	   ‘heterogeneous	  
samples’,	  as	  described	  by	  Robson	  “a	  deliberate	  strategy	  to	  select	  individuals	  varying	  
widely	  on	  the	  characteristic(s)	  of	  interest”	  (Robson,	  2011,	  p.276).	  	  
	  
Due	  to	  printed	  electronics	   technology	  being	  a	   fairly	  new	  technology,	   there	  are	   low	  
numbers	   of	   printed	   electronics	   experts	   that	   exist.	   This	   inevitably	   limits	   access	   to	  
relevant	   information.	   It	   has	   also	   meant	   that	   my	   own	   research	   is	   based	   upon	  
interviews	   with	   the	   very	   few	   experts	   available,	   however	   within	   this	   study	   the	  
researcher	  had	  access	  to	  a	  high	  proportion	  of	  the	  experts	  that	  exist.	  	  	  	  
5.2.4	  Options,	  advantages,	  and	  limitations	  of	  qualitative	  
data	  collection	  type	  	  
The	   qualitative	   interviews	   are	   the	   chosen	   data	   collection	   type	   for	   this	   study,	   as	  
discussed	   by	   Creswell	   “the	   researcher	   conducts	   face-­‐to-­‐face	   interviews	   with	  
participants,	   telephone	   interviews,	  or	  engages	   in	   focus	  group	   interviews	  with	  six	   to	  
eight	   interviewees	   in	   each	   group.	   These	   interviews	   involve	   unstructured	   and	  
generally	  open-­‐ended	  questions	  that	  are	  few	  in	  number	  and	  intend	  to	  elicit	  views	  and	  
opinions	   from	   the	   participants”	   (Creswell,	   2014,	   p.	   190).	   The	   advantages	   and	  
limitations	  of	  this	  data	  collection	  type	  are	  compared	  in	  the	  table	  below	  (Table	  10).	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Table	  10	  -­‐	  Qualitative	  Data	  Collection	  Type,	  Options,	  Advantage,	  and	  Limitations	  
(Creswell,	  2014,	  p.	  191).	  	  
Data	  Collection	  
Type	  
Options	  Within	  
Types	  
Advantages	  of	  the	  
Type	  
Limitations	  of	  the	  
Type	  
Interviews	   • Face-­‐to-­‐face	   –	  
one-­‐on-­‐one,	   in-­‐
person	  interview	  
• Telephone	   –	  
researcher	  
interviews	   by	  
phone	  
• Focus	   group	   –	  
researcher	  
interviews	  
participants	   in	   a	  
group	  
• E-­‐mail	   Internet	  
interview	  
• Useful	   when	  
participants	  
cannot	  be	  directly	  
observed.	  
• Participants	   can	  
provide	   historical	  
information.	  
• Allows	   researcher	  
control	   over	   the	  
line	   of	  
questioning.	  
• Provides	  
indirect	  
information	  
filtered	   through	  
the	   views	   of	  
interviewees.	  
• Provides	  
information	  in	  a	  
designated	  
place	   rather	  
than	  the	  natural	  
field	  setting.	  
• Researcher’s	  
presence	   may	  
bias	  responses.	  
• Not	   all	   people	  
are	   equally	  
articulate	   and	  
perceptive.	  	  	  	  	  	  	  	  	  
5.2.5	  Interview	  questions	  
	  
Blessing	  and	  Chakrabarti	   state	  what	  an	   interview	  should	  do:	  “provide	  a	   framework	  
within	  which	  respondents	  can	  express	  their	  own	  understandings	  in	  their	  own	  terms.	  
One	  of	  the	  greatest	  obstacles	  to	  overcome	  is	  unlearning	  the	  bad	  habits	  practiced	  and	  
reinforced	   daily	   in	   our	   ordinary	   conversations,	   such	   as	   lack	   of	   depth,	  
miscommunication,	   lack	  of	   clarity	   in	  our	  questions,	   interrupting	   the	  answers	  given,	  
and	  lack	  of	  direction	  in	  the	  dialogue”	  (Blessing,	  and	  Chakrabarti,	  2009.	  p.	  271)	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Seven	  main	  questions	  created	  the	  structure	  of	  the	  interview,	  below	  shows	  at	  which	  
stage	  of	  the	  interview	  the	  questions	  were	  asked:	  
	  
Before	  any	  pieces	  of	  information	  were	  presented	  
	  
Q1:	  Can	  I	  ask	  you	  to	  explain	  your	  background	  of	  expertise	  in	  printed	  electronics?	  
	  
	  
When	  the	  taxonomy	  for	  printed	  electronics	  was	  presented	  
	  
Q2:	  Are	  the	  classifications	  of	  the	  taxonomy	  appropriate	  and	  accurate?	  
This	  second	  question	   is	  not	  a	   leading	  question,	  as	  given	  their	  expertise,	   it	   is	  asking	  
the	  experts	  to	  check	  the	  taxonomy	  and	  ask	  if	  there	  is	  anything	  missing	  from	  it.	  This	  is	  
an	   opportunity	   to	   say	   any	   problems	   that	   they	   may	   have	   with	   it	   and	   to	   query	   it,	  
therefore	  to	  achieve	  this	  desired	  line	  of	  inquiry	  –	  to	  check	  whether	  the	  taxonomy	  is	  
appropriate	  and	  accurate,	  or	  if	  it	  needs	  any	  changes	  making	  to	  it.	  	  
	  
	  
When	  the	  printed	  electronics	  technology	  readiness	  level	  (TRL)	  scale	  was	  presented	  
	  
Q3:	  Is	  the	  scale	  an	  accurate/appropriate	  way	  of	  grading	  the	  technology	  readiness	  
of	  existing	  printed	  electronics	  examples?	  
	  
Q4:	  Can	   I	   finally	   ask	   you	   if	   you	   think	   there	   are	   any	   aspects	   about	   the	  presented	  
information	  that	  have	  not	  been	  covered	  in	  this	  interview?	  
	  
Q5:	  Are	  there	  any	  questions	  you	  would	  like	  to	  ask?	  
	  
Q6:	  With	  your	  experience	  working	  in	  the	  printed	  electronics	  industry,	  in	  relation	  to	  
this	  research,	  is	  there	  anything	  else	  that	  you	  would	  like	  to	  add,	  or	  that	  you	  think	  I	  
should	  be	  considering?	  
	  
	  
When	   the	   third	   piece	   of	   information,	   ‘Examples	   for	   experts	   to	   TRL	   grade’	   was	  
presented	  
	  
Q7:	  Lastly,	  using	  the	  four	  examples	  provided	  and	  the	  printed	  electronics	  TRL	  scale,	  
could	  I	  ask	  you	  to	  assign	  the	  TRL	  number	  that	  you	  feel	  each	  example	  has	  reached	  in	  
the	  blue	  boxes	  provided?	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5.2.6	  Codes	  and	  categories	  to	  theory	  	  
	  
Before	  the	   interviews,	  potential	  codes	  and	  categories	  were	  explored	  and	  how	  they	  
could	  relate	  to	  theory.	  
	  
Saldaña	  discusses	   “Some	   categories	  may	   contain	   clusters	   of	   coded	  data	   that	  merit	  
further	  refinement	  into	  subcategories.	  And	  when	  the	  major	  categories	  are	  compared	  
with	   each	   other	   and	   consolidated	   in	   various	   ways,	   you	   begin	   to	   transcend	   the	  
“reality”	  of	  your	  data	  and	  progress	  toward	  the	  thematic,	  conceptual,	  and	  theoretical.	  
As	  a	  very	  basic	  process,	  codifying	  usually	  follows	  the	  ideal	  and	  streamlined	  scheme”	  
(Saldaña,	  2013.	  p.12),	  an	  example	  of	  this	  can	  be	  seen	  below	  (Figure	  117).	  
	  
Figure	  117	  -­‐	  A	  streamlined	  codes-­‐to-­‐theory	  model	  for	  qualitative	  inquiry	  
(Saldaña,	  2013.	  p.13)	  
	  
	  
The	  work	  of	  Saldaña	  explains	  how	  this	  original	  theory	  can	  be	  useful,	  even	  if	  it	  is	  not	  
directly	  used	  in	  the	  overall	  analysis:	  “pre-­‐established	  sociological	  theories	  can	  inform,	  
if	  not	  drive,	  the	  initial	  coding	  process	  itself.	  The	  development	  of	  an	  original	  theory	  is	  
not	  always	  a	  necessary	  outcome	   for	  qualitative	   inquiry,	  but	  acknowledge	   that	  pre-­‐
existing	  theories	  drive	  the	  entire	  research	  enterprise,	  whether	  you	  are	  aware	  of	  them	  
or	  not”	  (Saldaña,	  2013.	  p.13).	  A	  code-­‐to-­‐theory	  model	  was	  created	  for	  this	  research	  
(Figure	  118).	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Figure	  118	  -­‐	  Code-­‐to-­‐Theory	  Model	  (Printed	  Electronics	  Experts)	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5.2.7	  Definition	  of	  an	  expert	  
	  
To	  define	  exactly	  what	  an	  expert	  is,	  is	  needed	  in	  order	  to	  ensure	  that	  the	  individuals	  
are	   to	   be	   referred	   to	   with	   the	   correct	   terminology,	   to	   specify	   how	   in	   depth	   an	  
individual	   understands	   their	   area	   of	   expertise.	   Dreyfus	   et	   al	   (Dreyfus,	   H.L.,	   et	   al.,	  
1986)	   describes	   and	   compares	   the	   five	   steps	   from	   novice	   to	   expert	   (Figure	   119).	  	  
Experts	   or	   those	   with	   expertise	   are	   described	   as	   someone	   that	   “generally	   knows	  
what	   to	   do	   based	   on	   mature	   and	   practiced	   understanding…an	   expert’s	   skill	   has	  
become	  so	  much	  a	  part	  of	  him	  that	  he	  need	  be	  no	  more	  aware	  of	  it	  than	  he	  is	  of	  his	  
own	  body…when	  things	  are	  proceeding	  normally,	  experts	  don’t	   solve	  problems	  and	  
don’t	  make	  decisions;	  they	  do	  what	  normally	  works”.	  Dreyfus	  et	  al	  discusses	  that	  it	  is	  
an	  expert’s	  ability	  to	  use	  intuition,	  which	  sets	  them	  apart	  from	  others	  that	  use	  only	  
competent	  decision-­‐making,	  and	  states	  “in	  a	  crisis	  competence	  is	  not	  good	  enough”.	  	  
	  
However	  when	  an	  expert’s	  outcomes	  are	   crucial	   and	  when	  under	   time	  constraints	  
“an	  expert	  will	  deliberate	  before	  acting”	  where	  the	  expert	  does	  not	  use	  calculative	  
problem	  solving,	  but	  does	  involve	  “critically	  reflecting	  on	  one’s	  intuitions”.	  Dreyfus	  et	  
al	  also	  discuss	  how	  an	  experts’	  decisions	  do	  not	  always	  work	  out,	  when	  “in	  spite	  of	  
great	   experience,	   be	   thrown	   a	   curve	   by	   events	   he	   could	   not	   have	   foreseen.	  
Furthermore	   where	   experts	   are	   pitted	   against	   other	   experts,	   only	   one	   can	   win”	  
(Dreyfus,	  H.L.,	  et	  al.,	  1986,	  pp.	  30-­‐32).	  
	  
	  
Figure	  119	  -­‐	  Five	  Stages	  of	  Skill	  Acquisition	  
(Dreyfus,	  H.L.,	  et	  al.,	  1986,	  p.50)	  
	  
	  
By	   this	   definition,	   the	   researcher	   does	   not	   consider	   themself	   to	   be	   an	   expert	  
designer	  due	   to	   their	   lack	  of	   years	  of	   experience.	   The	   range	  of	   experts	   chosen	   for	  
this	  study	  is	  based	  in	  both	  academia	  and	  industry;	  they	  have	  gained	  wide	  varieties	  of	  
experience	   across	   these	   disciplines,	   and	   have	   a	   level	   of	   ‘involved’	   commitment	   to	  
their	   areas	   of	   expertise,	   each	  with	   over	   20	   years’	   experience.	   At	   this	   stage	   of	   the	  
research,	   the	   focus	   is	   on	   the	   printed	   electronics	   technology	   and	   framework;	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involving	   industrial	  designers	  or	  product	  designers	  at	   this	  stage	  would	  be	  too	  early	  
and	  therefore	  may	  damage	  the	  research.	  	  
	  
	  
5.2.8	  Experts	  interviewed	  –	  background	  (Q1)	  
	  
Three	   ‘experts’	   (Dreyfus,	   H.L.,	   et	   al.,	   1986)	  were	   interviewed,	   their	   identities	   have	  
been	  kept	  anonymous,	  and	  a	  brief	  and	  vague	  description	  of	  their	  background	  for	  the	  
same	  purpose:	  
	  
Expert	   1:	   Is	   a	   Chemist,	   PhD	   in	  Mass	   Spectrometry,	   after	   PhD	   they	  were	   academic	  
staff	  (for	  8	  years)	  then	  moved	  to	  industry	  (last	  45	  years).	  Has	  set	  up	  and	  ran	  various	  
companies,	  was	  in	  charge	  of	  R&D	  for	  circuit	  development.	  Previously	  had	  a	  company	  
in	   developing	   instrumental	   analytical	   methods,	   involved	   with	   the	   oil	   industry,	  
pharmaceutical	   industry	   and	   blood	   sample	   analysis.	   Currently	   works	   with	   inkjet	  
printing	   laser	   systems,	   has	   in	   the	   past	   had	   a	   number	   of	   successfully	   funded	   TSB	  
projects,	   is	   involved	  with	   an	   inkjet	   research	   centre.	  Has	  developed	   screen	  printing	  
and	   nozzle	   printing	   processes,	   with	   an	   interest	   recently	   in	   3D	   printing.	   Has	   a	  
successful	  business	  in	  the	  printed	  electronics	  industry.	  
	  
Expert	   2:	   Degree	   in	   Engineering	   Science,	   PhD	   in	   Robotics,	   has	   been	   based	   at	   a	  
University	   for	   21	   years.	  When	   first	   at	   the	  University,	  wrote	   research	   proposals	   on	  
using	  printing	   to	  make	  electronics.	  Offset	   lithographic	  printing	  process,	  has	  done	  a	  
range	  of	  activities	  since,	  currently	  is	  second	  supervisor	  for	  two	  PhD	  students	  who	  are	  
both	  printing	  electronics,	  involved	  in	  a	  project	  on	  coating	  electronic	  materials.	  
	  
Expert	   3:	   Degree	   in	   Physics,	   PhD	   in	   Electronics,	   developed	   an	   expertise	   in	   testing,	  
had	   a	   couple	   of	   post-­‐doctoral	   roles	   moving	   Universities,	   has	   been	   based	   at	   the	  
current	   University	   for	   16	   years.	  Worked	  with	   hot	   embossing	   to	  make	   circuitry	   on	  
card	  and	  paper,	  was	  part	  of	  a	  EPSRC	  blue	  sky’s	  research	  project.	  Part	  of	  the	  Cleaner	  
Electronics	   Research	   Group,	   developed	   different	   printing	   technique	   –	   offset	  
lithography	  which	  has	  been	  the	  focus	  of	  the	  group	  for	  the	  last	  18	  or	  19	  years.	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5.2.9	  Interview	  data	  analysis	  
	  
A	  transcription	  of	  each	  interview	  (see	  Appendix	  5.4:	  Interview	  with	  ‘Expert	  1’	  on	  17th	  
June	  2015,	  Appendix	  5.5:	  Interview	  with	  ‘Expert	  2’	  on	  22nd	  June	  2015,	  Appendix	  5.6:	  
Interview	  with	  ‘Expert	  3’	  on	  22nd	  June	  2015)	  was	  created	  in	  Microsoft	  Word.	  These	  
were	  then	  imported	  into	  QSR	  International	  NVivo10	  to	  code	  and	  analyse	  the	  data.	  
	  
	  
Firstly	  a	  word	  frequency	  query	  was	  used	  to	  find	  out	  the	  most	  frequently	  used	  words	  
throughout	  the	  interviews	  (Figure	  120).	  
	  
	  
Figure	  120	  -­‐	  Word	  frequency	  query	  –	  word	  cloud	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The	   interviews	  were	   then	   coded	  with	   six	   codes,	   or	   as	   called	   in	  NVivo	   ‘nodes’	   that	  
relate	  to	  the	  reactions	  of	  interest	  from	  the	  experts.	  There	  is	  a	  focus	  on	  the	  expert’s	  
reactions	  as	  this	  approach	  takes	  into	  consideration	  the	  individual’s	  tone	  of	  voice	  and	  
body	   language,	  as	  well	  as	   just	  the	  words	  that	  are	  spoken.	  These	  reactions	  were	  (in	  
no	  particular	  order):	  	  
• Positive	  
• Negative	  
• Query	  
• Defensive	  Response	  
• New	  Information	  brought	  forward	  
• Application	  
	  
	  
A	   ‘Tree	  Map’	   was	   used	   to	   analyse	   these	   ‘nodes’	   in	   comparison	   to	   the	   number	   of	  
coding	  references,	  this	  was	  effective	  in	  showing	  which	  areas	  were	  most	  talked	  about	  
(Figure	   121).	   	   The	   ‘items’	   from	   the	   number	   of	   items	   coded	   refers	   to	   how	   many	  
interviews	   it	   was	   present	   in,	   so	   in	   this	   case,	   one	   of	   the	   experts	   didn’t	   ‘Query’	  
throughout	  the	  interview.	  
	  
	  
	  
Figure	  121	  -­‐	  Tree	  Map	  of	  ‘Nodes’	  in	  all	  Interviews	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These	   ‘nodes’	   were	   then	   analysed	   in	   relation	   to	   each	   question	   that	   was	   asked,	  
resulting	  in	  the	  coding	  referencing	  count	  for	  each.	  Responses/answers	  for	  all	  seven	  
questions	   are	   displayed	   below	   (Figure	   122),	   this	   two-­‐dimensional	   histogram	   was	  
created	  using	  NVivo.	  As	  this	  was	  ‘bivariate	  data’	  (data	  involving	  or	  depending	  on	  two	  
variables),	  a	  two-­‐dimensional	  histogram	  offered	  a	  solution	  of	  displaying	  all	  the	  data	  
needed	  (Everitt,	  et	  al.	  2001.	  pp.	  14-­‐15).	  	  
	  
	  
	  
	  
Figure	  122	  -­‐	  Responses	  from	  all	  seven	  questions	  
	  
To	  further	  analyse	  and	  to	  represent	  this	  data	  more	  clearly,	  a	  cluster	  analysis	  method	  
was	  used	  called	  ‘multidimensional	  scaling’	  also	  known	  as	  ‘MDS’	  (Everitt,	  et	  al.	  2001.	  
pp.	   30-­‐33).	   This	   method	   is	   “an	   attempt	   to	   represent	   the	   observed	   similarities	   or	  
dissimilarities	   in	   the	   form	   of	   a	   geometrical	   model	   by	   embedding	   the	   stimuli	   of	  
interest	   in	   some	  coordinate	  space	  so	   that	  a	   specified	  measure	  of	  distance	  between	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the	  points	   in	  the	  space	  represents	  the	  observed	  proximities”	  (Everitt,	  et	  al.	  2001.	  p.	  
30).	  	  
	  
MDS	  is	  “helpful	  in	  clustering	  applications	  for	  displaying	  clusters	  in	  a	  two-­‐dimensional	  
space	   so	   that	   they	   can	   be	   visualized”	   (Everitt,	   et	   al.	   2001.	   pp.32-­‐33).	   Everitt	   et	   al.	  
provides	   an	   example	   of	   how	   use	   MDS	   is	   used	   “in	   investigating	   the	   strengths	   of	  
mental	   associations	   among	   16	   familiar	   kinds	   of	   animal,	   Shepard	   started	   with	   the	  
quantitative	   information	   on	   similarities	   to	   form	  an	  MDS	   solution	   and	   subsequently	  
obtained	   typal	   information	   by	   performing	   a	   hierarchical	   cluster	   analysis…Shepshed	  
gained	  substantially	  increased	  insight	  into	  the	  data	  structure	  after	  superimposing	  the	  
typal	  information	  on	  the	  MDS	  ‘map’	  of	  the	  data	  by	  enclosing	  cluster	  members	  within	  
closed	  boundaries”	  (Everitt,	  et	  al.	  2001.	  p.	  33),	  this	  visual	  example	  is	  displayed	  below	  
(Figure	  123).	  
	  
	  
Figure	  123	  -­‐	  Mental	  associations	  among	  16	  kinds	  of	  animal.	  MDS	  solution	  plus	  
hierarchical	  clustering	  solution	  
(Everitt,	  et	  al.	  2001.	  p.	  33)	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For	   this	   research,	  a	  modified	  version	  of	   this	  has	  been	  created	   (Figure	  124).	  Closed	  
circular	   boundaries	   are	  used	   to	  directly	   represent	   the	  number	  of	   codes	  present	   in	  
each	   interview	  question,	   for	   example,	   in	   question	   2	   ‘Q2’	   a	   total	   of	   69	   codes	  were	  
present,	   therefore	   the	   circle’s	   width	   and	   height	   for	   that	   question	   both	   measure	  
69mm.	   A	   pie	   chart	   is	   then	   created	   within	   this	   circle	   to	   represent	   the	   number	   of	  
codes	  for	  each	  area.	  This	  method	  of	  clustering	  and	  displaying	  the	  data	  allows	  for	  an	  
easy-­‐to-­‐read	  representation	  of	  the	  results	  from	  the	  interview	  questions	  with	  experts.	  
An	   overall	   boundary	   represents	   the	   total	   number	   of	   codes	   (269	   codes)	   in	   the	  
interviews	  with	  experts.	  
	  
	  
Figure	  124	  –	  Results	  from	  Interview	  Questions	  with	  Experts,	  Visual	  Coding/Clustering	  
	  
In	  Question	  1,	  when	  the	  experts	  were	  asked	  to	  explain	  their	  background	  of	  expertise	  
in	   printed	   electronics;	   there	   was	   a	   surprising	   amount	   of	   negative	   responses	   and	  
uncertainty	  in	  relation	  to	  the	  first	  attempts	  of	  printed	  electronics:	  
	  
• “It	   dragged	   me	   kicking	   and	   screaming	   into	   electronics…we	   had	   to	   develop	  
electronics,	  and	  my	  background	  was	  not	  electronics…we	  knew	  nothing	  about	  
printing…inkjet	   printing	   is	   extremely	   difficult,	   the	   inks	   at	   the	   best	   are	  
idiosyncratic	  let’s	  call	  it,	  I’ve	  called	  them	  a	  lot	  worse	  than	  that!”	  	  Expert	  1	  	  
	  
• “Printing	  electronics,	  we	  didn’t	  know	  if	  it	  could	  be	  done”	  Expert	  3	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Questions	   2	   and	   7	   have	   notably	   the	  most	   discussion,	   yet	   both	  with	   very	   different	  
responses,	   with	   question	   2	   seeming	   very	   positive	   and	   question	   7	   causing	   a	   lot	   of	  
negativity	  and	  defensive	  responses,	  a	  deeper	  analysis	  follows.	  
	  
	  
5.2.9.1	  Taxonomy	  of	  printed	  electronics	  (Q2)	  
	  
In	  Question	  2,	  when	   the	  experts	  were	  asked	   if	   the	   classifications	  of	   the	   taxonomy	  
were	  appropriate	  and	  accurate,	  the	  experts	  responded	  very	  positively:	  
	  
• “It’s	  a	  start	  yes…all	  the	  right	  words	  seem	  to	  be	  there”	  Expert	  1	  
	  
• “That	  all	  seems	  reasonable”	  Expert	  2	  
	  
• “Yes	  they	  are”	  Expert	  3	  
	  
	  
However,	   there	  were	  a	   few	  negative	  or	  defensive	   responses	   that	   stood	  out	  clearly	  
when	  discussing	  the	  taxonomy,	  however	   in	  most	  cases	  they	  were	  referring	  to	  their	  
own	  experience	  with	  the	  technology,	  what	  they	  had	  achieved	  themselves:	  
	  
• “That’s	  a	  big	  question	   isn’t	   it	   really,	  because	   it’s	  quite	  a	   complicated	   thing”	  
Expert	  2	  
	  
• “Inductors,	  we’ve	  not	  really	  focussed	  on…field	  effect	  transistors,	  possible,	  but	  
we’ve	   not	   done	   very	   much	   work	   on	   it…capacitive	   touch,	   ‘screens’	   I	   would	  
imagine,	  we’ve	  not	  looked	  at…photo	  detectors,	  well,	  light	  sensors,	  something	  
we’re	   looking	  at	  at	  the	  moment,	  but	  not	  by	  printing	  processes…gas	  sensors,	  
no…high	  resolution	  graphics,	  no,	  not	  yet”	  Expert	  3	  
	  
One	  negative	  comment	  that	  was	  fairly	  universal	  and	  was	  also	  a	  suggestion,	  was	  the	  
idea	  of	  incorporating	  applications	  into	  the	  taxonomy	  of	  printed	  electronics:	  
	  
• “If	   this	   was	   an	   application	   for	   aerospace,	   this	   is	   TRL	   of	   1	   because	   the	  
application,	  that	   is	  not	  suitable	  for	  the	  application…the	  thing	  that	   is	  missing	  
here,	  is	  application”	  Expert	  1	  
	  
However,	   if	   applications	   were	   included	   in	   the	   taxonomy	   of	   printed	   electronics,	   it	  
would	  detract	  from	  the	  ability	  to	  clearly	  convey	  printed	  electronics	  as	  a	  stand-­‐alone	  
technology.	  Whilst	   examples	  may	   help	   to	   communicate	   the	   technology	   further	   to	  
designers,	   it	   should	   not	   be	   a	   fundamental	   part	   of	   the	   framework	   and	   as	   a	  way	  of	  
thinking	  when	  learning	  about	  this	  technology	  as	  it	  could	  have	  a	  detrimental	  effect.	  If	  
designers	   are	   presented	   with	   the	   information	   derived	   from	   the	   taxonomy,	  
communicated	  in	  a	  visual	  way,	  then	  this	  could	  help	  to	  promote	  new	  idea	  generation	  
as	  opposed	  to	  simply	  copying	  existing	  applications.	  Applications/examples	  definitely	  
do	  have	  their	  place	  when	  teaching	  designers	  about	  this	  technology,	  but	  it	  should	  be	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after	   they	   have	   been	   exposed	   to	   the	   technology’s	   fundamentals,	   so	   the	   designers	  
can	  make	  their	  own	  informed	  decision.	  
	  
A	  particularly	  interesting	  query	  arose	  which	  highlights	  the	  topic	  of	  3D	  printing:	  
	  
• “If	   you’re	  going	   to	  do	  something	   for	   the	  modern	  world,	   then	  why	  don’t	  you	  
include	  3D	  printing	  processes	  in	  your	  taxonomy?	  Because	  what	  we’re	  moving	  
towards	   is	   a	   kind	   of	   multi	   material	   integration	   of	   electronics	   into	   printed	  
objects,	   it	   seems	   a	   bit,	   kind	   of	   20th	   century,	   not	   to	   include	   that	   in	   your	  
taxonomy	  really”	  Expert	  2	  
	  
Whilst	  this	  seems	  a	  valid	  contribution	  with	  it’s	  name	  ‘3D	  printing’	  to	  be	  included	  in	  a	  
taxonomy	  of	  printed	  electronics,	  3D	  printing	  stands	  as	  a	  completely	  different	  process	  
entirely.	  The	  process	  is	  based	  on	  melting	  and	  extrusion	  of	  a	  material,	  as	  opposed	  to	  
the	  printing	  of	  ink	  onto	  an	  object	  or	  substrate.	  Whilst	  it	  has	  its	  place	  in	  being	  a	  fairly	  
new	   technology,	   by	   its	   nature,	   it	   does	   not	   belong	   in	   the	   taxonomy	   of	   printed	  
electronics.	  	  
	  
	  
There	  were	   also	   queries	   and	   suggestions	   about	   the	  wording	   of	   the	   taxonomy	   and	  
also	  possible	  extra	  processes	  to	  include:	  
	  
• “Why	  have	  you	  got	  plural	  ‘diodes’	  and	  only	  a	  single	  transistor?	  That	  seems	  an	  
error…I	  think	  you’d	  probably	  add	  an	  ‘s’	  there”	  Expert	  2	  
	  
This	   comment	   is	   a	   fairly	   minor	   one,	   yet	   an	   important	   suggestion	   as	   it	   helps	   the	  
taxonomy	  read	  better	  and	  keeps	  the	  information	  more	  consistent.	  
	  
• “I’m	  sure	  that	  there	  are	  other	  printing	  platforms	  you	  could	  put	  down	  there…I	  
think	  you’ve	  got	  the	  main	  ones,	  I	  mean	  you	  can	  take	  them	  down	  into	  smaller,	  
there	  are	  different	  versions	  of	   lithographic	  printing,	  and	  we	  always	  called	   it	  
offset	   lithographic	   because	   it	   then	   didn’t	   get	   confused	   so	   much	   with	  
photolithography	  which	  is	  a	  way	  of	  making	  PCBs	  and	  it’s	  effectively	  a	  way	  of	  
patterning	   all	   sorts	   of	   things	   in	   electronics.	   So	   just	   in	   terms	   of	   the	   name,	   I	  
mean	  we	   often	   just	   used	   to	   call	   it	   offset	   litho,	   so	   that’s	   a	   printing	   process	  
really	  whereas,	  if	  you,	  I	  mean	  what	  do	  the	  words	  mean?	  Lithographic	  means	  
pictures	  from	  stone,	  did	  you	  know	  that?...in	  terms	  of	  the	  way	  the	  offset	  litho	  
process	  worked,	   that’s	  a	   very	   literal	  description	  of	   it,	   but	   it’s	  been	   taken	  by	  
the	   PC	   industry	   to	   describe	   all	   sorts	   of	   other	   ways	   to,	   patterning	   things”	  
Expert	  2	  
	  
• “There	   are	   lots	   of	   variations	   on	   all	   of	   those	   processes,	   you	   can	   have	   flat	  
screen	  printing,	   you	  can	  have	   rotary	   screen	  printing	  as	  well	  as	   the	  different	  
forms.	   You	   can	   then	   have	   dry	   litho,	   and	   you	   can	   have,	   well	   you	   can	   have	  
various	  different	  variations	  on	  a	  lot	  of	  them”	  Expert	  2	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• “We	  can	  add	  to	  that	  ‘hot	  embossing’,	  if	  that’s	  something	  that	  you	  wanted	  to	  
include,	  but	  it’s	  not	  strictly	  a	  printing	  process”	  Expert	  3	  
	  
There	  are	  many	  variations	  of	  the	  printing	  processes	  presented	  in	  the	  taxonomy,	  but	  
for	   teaching	  designers	  about	   this	   technology,	   this	   further	  division	  or	   level	  of	  detail	  
within	  the	  taxonomy	  would	  be	  unnecessary,	  as	  when	  designing	  with	  this	  technology,	  
such	   an	   extensive	   knowledge	   would	   not	   be	   needed.	   In	   order	   to	   optimise	  
communication	   of	   printed	   electronics	   to	   designers,	   a	   simplification	   is	   needed.	  
Designers	   will	   need	   to	   understand	   the	   differences	   between	   the	   processes	   for	  
manufacturing	   feasibility,	   but	   not	   the	   individual	   divisions	   within	   them.	   Hot	  
embossing	  has	  been	  a	  successful	  process,	  but	  it	  does	  not	  belong	  in	  the	  taxonomy	  of	  
printed	  electronics,	  as	  it	  is	  not	  a	  printing	  process.	  
	  
	  
New	  information	  brought	  forward	  by	  one	  of	  the	  experts	  was	  addressing	  the	  impact	  
that	  an	  application	  can	  make	  on	  the	  TRL	  numbers,	  but	  also	  about	  printed	  electronics	  
in	  relation	  to	  conventional	  electronics,	  but	  also	  a	  comment	  that	  invoked	  a	  defensive	  
response:	  
	  
• “When	  you	  apply	  these	  then	  to	  a	  different	  applications,	  the	  TRL	  levels	  will	  be	  
massively	  different…the	  application	   can	  be	   very	   important	   to	   the	  TRL	   level”	  
Expert	  1	  
	  
This	  point	  is	  very	  valid,	  as	  mentioned,	  and	  previously	  mentioned	  when	  comparing	  it	  
to	   the	   aerospace	   industry,	   dependent	   on	   an	   application	   a	   piece	   of	   printed	  
electronics	   can	   either	   be	   appropriate	   or	   not	   appropriate	   for	   that	   particular	  
application.	   However,	   this	   way	   of	   thinking	   is	   based	   on	   individual	   cases,	   not	   the	  
representation	  of	   the	   technology	  as	  a	  whole.	  The	  desired	  outcome	   is	   to	  grade	   the	  
technology,	   not	   its	   application,	   as	   the	   application	   or	   product	   is	   open	   to	   change,	  
whereas	   the	   technology	   needs	   to	   be	   assessed	   and	   graded	   on	   where	   it	   currently	  
stands.	   It	   is	   only	   then,	   that	   a	   designer	  will	   be	   able	   to	  make	   a	   decision	   as	   to	  what	  
technology	  would	  be	  appropriate	   for	  which	  design.	  Also	   throughout	   the	   interview,	  
Expert	  1’s	  definition	  of	  ‘application’	  is	  slightly	  different,	  in	  that	  when	  Expert	  1	  talks	  
about	  the	  ‘application’	  they	  are	  actually	  meaning,	  or	  referring	  to	  this	  word	  as	  being	  
the	  ‘end	  product’	  rather	  than	  what	  function	  it	  does.	  
	  
• “We	   are	   not	   competing	   with	   conventional	   electronics,	   because	   we	   cannot	  
compete	  with	  the	  supply	  chain,	  which	   is	  eccentric.	  Electronics,	   the	  market	   is	  
1.5	   trillion	  dollars,	  and	  there	   is	  a	  massive	  supply	  chain	  already	   in	   that	  area.	  
Printed	   electronics	   sits,	   if	   you	   like,	   is	   complementary	   but	   not	   competitive”	  
Expert	  1	  
	  
• “We	   have,	   speak	   for	   myself,	   no	   intention	   of	   competing	   with	   conventional	  
electronics”	  Expert	  1	  
	  
It	   is	  not	  only	  the	  supply	  chain,	  but	  also	  the	   limited	  functionality	  of	   the	  technology,	  
which	   stops	   printed	   electronics	   being	   competitive	   with	   conventional	   electronics.	  
	   216	  
However,	  printed	  electronics	  has	  many	  valuable	  assets	  that	  conventional	  electronics	  
does	   not	   have,	   e.g.	   it	   uses	   fewer	   raw	  materials,	   also	   that	   it	   can	   be	   printed	   onto	  
flexible,	  paper-­‐like	  substrates.	  
	  
A	   point	   raised	   was	   also	   the	   idea,	   as	   it	   is	   not	   competitive	   with	   conventional	  
electronics,	  to	  put	  electronics	  where	  they	  haven’t	  been	  before:	  	  
	  
• “What	   we	   want	   to	   do	   is	   to	   put	   the	   electronics	   where	   it	   has	   not	   been	  
before…packaging…cardboard	   boxes…labels	   on	   bottles,	   where	   electronics	  
doesn’t	   exist	   at	   the	   moment,	   that’s	   the	   area	   we	   think	   it’s	   going	   to	   be	  
important…into	   functional	   structures,	  which	  are	   things	   like	   3D,	  which	  again	  
electronics	  doesn’t	  go	  into	  those	  areas,	  so	  the	  application	  is	  very	  important	  in	  
the	  discussion”	  Expert	  1	  
	  
With	  its	  thin	  and	  flexible	  form	  factor,	  unconventional	  areas	  for	  electronics	  may	  well	  
be	  an	  area	  in	  which	  this	  technology	  can	  be	  best	  optimised.	  Mentioned	  here	  again	  is	  
3D	  printing,	  as	  mentioned	  previously,	  3D	  printing	  does	  not	  belong	  in	  the	  taxonomy	  
of	   printed	   electronics,	   however,	   it	   is	   possible	   to	   inkjet	   print	   circuitry	   onto	   a	   3D	  
surface	   as	   the	   tool	   does	  not	   come	   into	   contact	  with	   the	   surface.	  Although,	   in	   this	  
interview,	   it	   was	   not	   clear	   what	   exactly	   was	   meant	   by	   this,	   it	   could	   just	   be	   3D	  
printing	   the	   circuitry	   itself,	   which	   again	   is	   a	   melting	   and	   extrusion	   process,	   not	  
printing	  conductive	  inks.	  
	  
	  
5.2.9.2	  Questioning	  the	  future	  of	  printed	  electronics	  
	  
An	  open	  question/query	  about	  the	  broader	  picture	  of	  printed	  electronics	  during	  the	  
discussion	  of	  the	  taxonomy	  in	  question	  2:	  
	  
• “Where	  is	  printed	  electronics	  going	  to	  be	  for	  the	  future?”	  Expert	  1	  
	  
This	  question	  has	  been	  highlighted	  as	  it	   is	  a	  very	  important	  one	  to	  think	  about,	  the	  
future	  of	   printed	  electronics	  may	  no	   longer	   be	   in	   the	  hands	  of	   printed	  electronics	  
experts	   or	   companies,	   but	   actually	   in	   those	   of	   designers.	   Designers,	   if	   given	   the	  
opportunity	   through	   the	   exposure	   of	   this	   technology,	   could	   help	   shape	   its	  
progression	  of	  this	  technology	  through	  the	  design	  of	  products.	  	  	  
	  
	  
5.2.9.3	  Printed	  electronic	  technology	  readiness	  level	  (TRL)	  scale	  
(Q3)	  
	  
When	  asked	  question	  3	  about	  if	  the	  TRL	  scale	  was	  an	  accurate	  or	  appropriate	  way	  of	  
grading	  the	  technology,	  reactions	  were	  positive	  toward	  the	  scale:	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• “Well	   it’s	   accepted	   by	   the	   government,	   by	   Innovate	  UK,	   it’s	   in	   the	   research	  
council,	   so	   it’s	  an	   important	  word,	   trying	  to	  classify	   these	  things…I	   think	   it’s	  
an	  accurate	  way	  of	   trying	  to	  grade	   it…it’s	  useful	   to	  try	  to	  put	   it	  on	  a	  scale	   I	  
guess.	   You	   know,	   it	   helps	   people	   think	   about	   how	   they	   operate	   within	   the	  
research	  and	  development	  landscape	  I	  guess”	  Expert	  2	  
	  
• “I	  think	  so,	  umm,	  I’ve	  not	  seen	  this	  scale	  before,	  I’m	  surprised	  that	  I’ve	  not	  but	  
reading	  it	  through	  briefly,	  it	  does	  seem	  appropriate”	  Expert	  3	  
	  
With	   Expert	   2	   confirming	   that	   it	   is	   an	   accepted	   system	   used	   by	   the	   government,	  
Innovate	   UK	   and	   the	   research	   council	   emphasises	   it’s	   importance.	   Also,	   it	   was	  
interesting	   that	   Expert	   3	   had	   not	   seen	   this	   type	   of	   scale	   before,	   but	   also	   this	  
provided	  a	  good	  test	  too,	  to	  first	  reactions	  to	  a	  TRL	  scale.	  
	  
One	  of	  the	  reactions	  toward	  the	  printed	  electronics	  TRL	  scale	  was	  both	  positive,	  yet	  
defensive.	  During	  the	  interview,	  Expert	  1	  barely	   looked	  at	  the	  TRL	  scale	  presented,	  
Expert	  1	  seemed	  to	  purely	  go	  by	  their	  previous	  experience	  with	  TRLs:	  	  
	  
• “I’m	  good,	  I’m	  familiar	  with	  TRLs”	  Expert	  1	  
	  
However,	  they	  also	  brought	  with	  them	  a	  lot	  of	  previous	  experience	  using	  them	  and	  
strongly	  supported	  the	  use	  of	  TRLs	  when	  used	  in	  communication:	  
	  
• “I	  think	  so,	  yes,	  I	  mean	  we’ve	  worked	  TRL	  levels	  ever	  since	  we	  started	  because	  
the	  TSB	  or	  Innovate	  UK	  as	  they	  are	  now,	  are	  driven	  by	  TRL	  levels…TRL	  levels	  
were	  really	  the	  one	  to	  force…TRL	  levels	  now	  are	  being	  discussed	  by	  Innovate	  
UK,	  as	  now	  they	  are	  really	  on	  the	  5,	  to	  7,	  to	  8ish	  level,	  because	  they	  think	  that	  
enough	  work,	   enough	  money	  has	  been	  put	   into	   the	   low	  TRL	   levels,	   that	  we	  
understand,	   if	   you	   like,	   the	   technology,	   but	   now	   it’s	   about	   the	   engineering,	  
not	  technology.	  It	  is	  the	  application	  of	  technology	  to	  an	  application,	  and	  it	  is	  
now	  driven	  much	  more	  now	  about	  commercialisation,	  and	  I	  subscribe	  to	  that	  
very	  much.”	  Expert	  1	  
	  
This	   strong	   support	  of	   TRLs,	   not	  only	   from	   the	  expert,	   but	   also	   from	   Innovate	  UK,	  
with	  their	  particular	  interest	  in	  the	  TRLs	  from	  5	  to	  8	  shows	  the	  point	  at	  which	  others	  
(other	   than	   the	   inventors)	   are	   willing	   to	   fund	   or	   invest	   in,	   and	   therefore	   how	  
achieving	   these	   higher	   TRLs	   can	   help	   toward	   the	   success	   of	   the	   technology.	   The	  
emphasis	   falls	   again	   with	   the	   application	   of	   the	   technology,	   driven	   by	  
commercialisation.	  Again	  Expert	  1’s	  definition	  of	   ‘application’	   in	  this	  statement	   is	  a	  
little	  unclear	  when	  they	  said	  “the	  application	  of	  technology	  to	  an	  application”,	  their	  
second	  use	  of	   the	  word	   ‘application’	   is	  actually	   referring	   to	   the	   ‘end	  product’.	  This	  
appears	  to	  not	  just	  be	  one	  person’s	  view,	  but	  to	  some	  extent,	  potentially	  also	  that	  of	  
Innovate	  UK	   as	   their	   focus	   turns	   to	   the	   higher	   TRLs.	   The	   following	   statement	   also	  
shows	   the	   struggle	   of	   understanding	   this	   new	   technology	   and	   how	  
commercialisation	   appears	   to	   be	   key.	   This	   may	   well	   be	   reaction,	   as	   previously	  
mentioned,	   to	   the	   negative	   responses	   and	   uncertainty	   from	   their	   background	   in	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printed	   electronics	   in	   relation	   to	   the	   very	   challenging	   first	   attempts	   of	   printing	  
electronic	  materials:	  
	  
• “We’ve	   gone	   through	   the	   heartache	   on	   understanding	   the	   technology,	   and	  
now	  we’re	  going	  to	  make	  money	  out	  of	  it”	  Expert	  1	  
	  
	  
When	  studying	   it	  closer,	  Expert	  2	  queried	   its	  uses	   in	  relation	  to	  printed	  electronics	  
and	  followed	  with	  a	  negative	  response:	  
	  
• “It’s	   obviously,	   has	   it’s	   uses;	   but	   in	   terms	   of	   its	   particular	   application	   to	  
printed	   electronics…it	   won’t	   necessarily	   solve	   the	   key	   problems	   with	  
commercialisation”	  Expert	  2	  
	  
When	  talking	  about	  TRLs	  and	  application	  level,	  and	  how	  it	  is	  no	  longer	  just	  about	  the	  
technology	  itself,	  a	  fairly	  negative	  comment	  arose:	  
	  
• “Technology	  without	   engineering	   is	   just	   a	   black	   hole	   to	   throw	  money	   into”	  
Expert	  1	  
	  
This	  again	  shows	  the	  desire	  to	  create	  applications	  using	  this	  technology,	  to	  capitalise	  
on	   this	   technology	   that	   has	   been	   a	   struggle	   to	   develop	   throughout	   the	   years.	  
Information	  about	   Innovate	  UK	   is	  brought	   forward	  with	  relation	  to	  application	  and	  
technology:	  
	  
• “More	  recently	  with	  Innovate	  UK	  and	  even	  in	  TSB	  days,	  is	  that	  they’re	  moving	  
up,	   so	   that	   a	   lot	   of	   the	   projects	   now	  with	   Innovate	  UK	   are	   now	   very	  much	  
aimed	  at	  the	  application	  level,	  not	  the	  technology	  level”	  Expert	  1	  
	  
This	  helps	  to	  illustrate	  Innovate	  UK’s	  motivations	  behind	  their	  more	  recent	  projects,	  
and	  shows	  a	  further	  emphasis	  on	  the	  desire	  for	  applications.	  
	  
	  
5.2.9.4	  Experts	  highlight	  any	  un-­‐covered	  areas	  (Q4)	  
	  
Negative	   comments	   or	   aspects	   that	   the	   experts	   felt	   had	   not	   been	   covered	   in	   the	  
interview	  about	  the	  information	  presented,	  as	  asked	  in	  question	  4,	  were	  as	  follows:	  
	  
• “Not	  really”	  Expert	  3	  
	  
• “As	   far	   as	   I	   understand	   it,	   printed	   electronics	   really	   hasn’t	   found	   the	   ‘killer	  
app’	  to	  displace	  other	  technologies”	  Expert	  2	  
	  
• “Reliability	  and	  durability	  are	  different	  in	  different	  applications,	  and	  so	  that’s	  
very	   very	   important,	   is	   the	   reliability	   and	   durability,	   is	   it	   suitable	   for	   the	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application?	  So	  that	  is	  going	  to	  be	  an	  area	  which	  is,	  this	  needs	  to	  be	  created,	  
if	  you	  like,	  in	  another	  dimension,	  which	  I	  don’t	  see	  here”	  Expert	  1	  
	  
	  
Expert	  2	  queried	  the	  wording	  of	  the	  TRL	  scale:	  
	  
• “I	  suppose	  the	  interesting	  thing	  about	  the	  TRL	  is	  the	  use	  of	  words	  ‘economic	  
runs’,	   because	   that’s	   the	   challenge…once	   you	   start	   to	   bring	   in	   the	   words	  
‘economic’	  and	  into	  true	  commercialisation,	  you	  raise	  lots	  of	  questions	  really	  
with	  printed	  electronics”	  Expert	  2	  
	  
This	  wording,	  using	  ‘economic’	  seemed	  to	  relate	  to	  his	  view	  of	  environmental	  issues	  
of	   the	   technology,	   rather	   than	   the	   factors	   that	   determine	   the	   production,	  
distribution	  and	  consumption	  of	  goods	  and	  services.	  Whilst	  this	  is	  slightly	  different,	  
Expert	  2	  does	  raise	  a	  very	  valid	  point	  to	  think	  about:	  
	  
• “Environmental	   impacts	   of	   packaging	  when	   you	  put	   electronic	  materials	   on	  
them”	  Expert	  2	  
	  
Observations	   brought	   forward	   about	   printed	   electronics	   applications	   and	   about	  
driving	  the	  technology	  into	  the	  high	  TRLs:	  
	  
• “There’s	  been	  no	   ‘killer	  application’	   that	  has	   really	   taken	  printed	  electronics	  
to	  a	  commercial	  stage…although	  there	  are	  various	  people	  that	  are	  operating	  
in	  this	  space	  and	  trying	  to	  drive	  printed	  electronics	  up	  into	  these	  very	  high	  TRL	  
levels,	  really,	   the	  amount	  of	  applications	  that	  have	  gone	  above	  6,	   if	  you	  are	  
going	  to	  really	  interpret	  that	  strictly,	  are	  probably	  not	  very	  high”	  Expert	  2	  
	  
This	  lack	  of	  ‘killer	  applications’	  using	  the	  technology	  could	  be	  another	  barrier	  to	  the	  
technology	   progressing	   at	   a	   fast	   rate.	   This	   information	   about	   applications	   not	  
achieving	  TRLs	  above	  6	  is	  also	  interesting	  to	  hear,	  as	  it	  seems	  to	  be	  a	  stopping	  point.	  
	  
	  
Experts	   1	   and	   3	   made	   suggestions/brought	   new	   information	   forward	   about	   the	  
information	  presented:	  
	  
• “The	   application…reliability	   and	   durability	   are	   different	   in	   different	  
applications…so	  that’s	  very	  very	  important,	  is	  the	  reliability	  and	  durability,	  is	  
it	  suitable	  for	  the	  application?”	  Expert	  1	  
	  
• “Possibly	  if	  you	  wanted	  to	  enlarge	  or	  expand	  this	  particular	  sheet	  (taxonomy),	  
you	  could	  look	  at	  electroluminescent	  materials”	  Expert	  3	  
	  
Electroluminescent	  material	   is	   a	   very	   specific	  material	   to	   look	   at,	   a	  wide	   range	   of	  
different	  materials	  exist	  in	  printed	  electronics,	  and	  therefore	  this	  does	  not	  merit	  its	  
own	  division	  within	  the	  taxonomy,	  however	  these	  materials	  will	  be	   included	   in	  the	  
research,	  but	  within	  display	  examples.	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Within	  this	  question	  4,	  it	  prompted	  a	  defensive	  response	  from	  Expert	  2:	  
	  
• “I	  don’t	  feel	  very	  close	  to	  the	  field	  as	  an	  expert	  at	  the	  moment,	  but	  I	  do	  work	  
through	   one	   of	   my	   PhD	   students	   with	   an	   active	   electronics	   manufacturing	  
consultant”	  Expert	  2	  
	  
	  
5.2.9.5	  Questions	  from	  experts	  (Q5)	  
	  
The	  experts	  were	  asked	   in	  question	  5	   if	   there	  are	  any	  questions	  they	  would	   like	  to	  
ask,	  in	  which	  they	  felt	  they	  didn’t	  have	  much	  to	  ask:	  
	  
• “No,	  not	  really”	  Expert	  3	  
	  
• “Not	  at	  this	  time”	  Expert	  1	  
	  
• “I’ve	  asked	  you	  a	  few,	  because	  I	  quite	  like	  to	  ask	  questions.	  I	  think	  I’ve	  asked	  
my	  questions	  as	  I	  go	  along”	  Expert	  2	  
	  
It	  also	  brought	  more	  broad	  views,	  from	  their	  own	  experience:	  
	  
• “There	   is	   only	   one	   thing,	  my	   own	   feelings,	   are	  my	   own	   experience	   dealing	  
with	  commercial	  organisations	  is	  that	  they	  want	  a	  quick	  fix.	  This	  chart	  which	  
we	  have	  here,	  about	  technology	  readiness	  levels	  is	  particularly	  relevant,	  if	  you	  
go	   into	   a	   company	   they	   want	   something	   that	   really	   can	   roll	   down	   their	  
production	   lines	  by	  the	  end	  of	  the	  week.	  Some	  of	  the	   larger	  companies	  with	  
more	   foresight	   are	   quite	   prepared	   to	   come	   on-­‐board	   and	   join	   a	   research	  
project	  and	  say	  ‘ok,	  we’ll	  give	  you	  some	  resources	  or	  some	  payment	  in	  time,	  
or	   kind,	   to	  help	   your	   research	  along,	   because	   it’s	   relevant	   for	   our	   industry’.	  
But	  at	  the	  same	  time	  you	  can	  go	  to	  electronic	  manufacturing	  companies	  and	  
you	   can	   say	   ‘well	   actually	   we’ve	   got	   something	   that	   could	   replace	   in	   your	  
industry,	  an	  existing	  product’.”	  Expert	  3	  
	  
This	   confirmation	   of	   the	   TRL’s	   relevance	   within	   commercial	   organisations	   is	  
particularly	  of	   interest	  and	  also	  knowledge	  of	  the	  commercial	  motivations	  with	  the	  
pressure	   of	   fast	   production	   turn	   around;	   but	   also	   how	   companies	   can	   support	  
research	  projects	  by	  providing	  use	  of	  their	  resources	  or	  time,	  and	  their	  happy	  to	  help	  
as	  it	  contributes	  to	  their	  industry.	  	  
	  
A	  short	  story	  of	  Expert	  3’s	  personal	  experience	  related	  to	  keyboard	  matrices	  shows	  
the	  threats	  competing	  with	  conventional	  electronics	  and	  location	  of	  production	  can	  
have:	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• “Keyboard	  matrices,	  if	  you’ve	  got	  a	  keyboard	  for	  a	  PC,	  inside	  there’s	  a	  printed	  
substrate	   which	   done	   by	   screen	   printing,	   or	   it	   might	   even	   be	   a	   traditional	  
printed	   wiring	   board	   made	   by	   etched	   copper	   laminate	   processes.	   And	   we	  
demonstrated	   that	  we	   can	  print	   the	  matrices’	   that	  go	   into	   these	   keyboards	  
and	  they	  were	  quite	  reliable,	  we	  built	  several	  keyboards	  and	  used	  them	  in	  our	  
every-­‐day	  activities	   for	  quite	   some	   time,	   they	  proved	  quite	   reliable.	  And	  we	  
can	  manufacture	   theses	   things	   in	   about	   1%	  of	   the	   price	   of	   a	   printed	   circuit	  
board,	  so	  you	  would	  have	  thought	  ‘ahh,	  right,	  a	  company	  that	  manufactures	  
lots	  of	  keyboards	  would	  be	  interested’	  and	  we	  were	  working	  with	  a	  company	  
on	   the	   Isle	  of	  White	  with	   that	   in	  mind.	  Apparently,	   it	   transpires	   that	   if	   they	  
move	   their	   production	   out	   to	   China,	   which	   they	   did,	   they	   can	   make	   the	  
conventional	   keyboards	   cheaper	   than	   we	   can.	   And	   whether	   or	   not,	   if	   we	  
moved	   our	   process	   out	   to	   China,	   we’d	   still	   have	   the	   great	   commercial	  
advantage,	   I	   don’t	   know,	   but	  we’d	   loose	   control	   over	   it	   because	   there’s	   no	  
such	  thing	  as	  copyright	  or	  patenting	  processes	  in	  China”	  Expert	  3	  
	  
This	  may	  well	  be	  a	  consideration	  and	  decision	  that	  a	  designer	  may	  have	  to	  make,	  the	  
debate	   between	   intellectual	   property	   and	   production	   costs.	   This	   also	   shows	   the	  
importance	   of	   how	   a	   printed	   electronics	   product	   will	   have	   to	   offer	   benefits	   that	  
conventional	  electronics	  cannot	  as	  reducing	  the	  price	  of	  conventional	  electronics	   is	  
no	  competition,	  so	  the	  benefits	  need	  to	  be	  more	  than	  just	  the	  price	  alone.	  	  
	  
	  
5.2.9.6	  Suggested	  considerations	  from	  experts	  (Q6)	  
	  
Experts	  were	  asked	  in	  question	  6	  if	  there	  was	  anything	  else	  that	  they	  would	  like	  to	  
add	  or	  anything	   that	   they	  think	   I	   should	  be	  considering,	  based	  on	  their	  experience	  
working	  with	   the	   technology	   and	   in	   relation	   to	   the	   research.	   The	   Experts	   brought	  
forward	  new	  information	  from	  their	  experience:	  
	  
• “We	  have	  an	  area	  we	  call	  ‘hybrid	  electronics’	  where	  we’re	  actually	  combining	  
the	   best	   of	   printed	   electronics	   with	   the	   best	   of	   conventional	  
electronics…working	   on	   paper…we	   would	   print	   a	   very	   simple	   layer	   of	  
technology	  on	  a	  gravure	  press	   for	   instance…then	  buy	   in	  very	   small	  modules	  
which	  we	  can	  then	  place	  over	  these	  areas	  and	  we	  can	  put	  the	  intelligence	  or	  
we	  can	  put	   the	  complexity	   into	   tiny	   little	  areas	   that	  we	  can	  buy	   for	  pennies	  
from	   china	   and	   then	   integrate	   that,	   and	   then	   embed	   them	   literally	   in	   the	  
board	  game”	  Expert	  1	  
	  
This	   term	   ‘hybrid	   electronics’	   can	   sometimes	   also	   be	   referred	   to	   as	   ‘populated’	  
printed	   electronic	   circuitry.	   Hybrid	   electronics	   is	   often	   a	   term	   used	   to	   refer	   to	  
complete	  modules	  or	  elements	  of	  a	  product	  being	  different,	  using	  conventional	  and	  
printed	   electronics,	   e.g.	   a	   conventional	   circuit	   board,	   with	   a	   printed	   electronic	  
display.	   Expert	   1	   also	   follows	   this	   point	   with	   component	   examples	   and	  
specifications:	  
	  
	   222	  
• “Why	  would	  I	  want	  to	  print	  a	  capacitor,	  when	  I	  can	  buy	  capacitors	  for	  300ths	  
of	  a	  penny?...I	  can	  print	  capacitors,	  yes	  of	  course	  I	  can	  and	  it	  may	  be	  on	  this	  
application	  yes	  I	  would	  do	  that,	  but	  there’s	  other	  applications	  that	  I	  would	  not	  
do	   that.	   I	   would	   simply	   buy	   them	   in…I	   wouldn’t	   waste	  my	   time	   looking	   at	  
trying	  to	  make	  a	  resistor	  which	  I	  can’t	  make	  very	  well,	  when	  I	  can	  buy	  them	  in	  
for	  nothing”	  Expert	  1	  
	  
• “We	  would	  look	  at	  an	  application	  and	  then	  look	  at	  the	  bill	  of	  materials,	   it	   is	  
‘what’s	  the	  best	  way	  of	  making	  it?’…if	  its	  thin,	  then	  I	  might	  not	  be	  able	  to	  put	  
an	  inductor	  in	  it,	  and	  inductor	  by	  its	  nature	  tend	  to	  be	  fairly	  thick…it	  depends	  
very	  much	  on	  what	  the	  customer,	  the	  customer	  will	  bring	  a	  specification,	  we’ll	  
look	  at	  the	  specification,	  and	  then	  we’ll	  decide	  how	  we’re	  going	  to	  make	  it.	  If	  
we	   can	   print	   it,	  we’ll	   print	   it:	   and	   if	  we	   can’t,	   then	  we’ll	   look	   at	   combining	  
then	   with	   other	   materials	   to	   meet	   the	   specifications…every	   specification	   is	  
different	   to	   every	   other	   specification,	   because	   it’s	   a	   design…where	   this	   fits,	  
we’ll	  make	  it	  fit,	  otherwise	  we’ll	  combine	  it	  with	  other	  techniques”	  Expert	  1	  
	  
The	  first	  comment	   is	  very	   focused	  on	  the	  demands	  of	  commercialisation,	  business,	  
and	   application.	   Again,	   this	   may	   be	   a	   consideration	   that	   a	   designer	   takes	   into	  
account	  when	   designing	   and	   costing	   a	   design,	   also	  when	   deciding	   the	   benefits	   or	  
drawbacks	  of	  having,	  for	  example,	  a	  conventional	  resistor	  or	  a	  printed	  resistor.	  The	  
second	  comment	  addresses	   the	   individual	   application	   specifications,	   and	  of	   course	  
this	  will	  alter	  with	  every	  design,	  so	  it	  is	  down	  to	  the	  designer	  to	  decide	  or	  to	  discuss	  
with	  others	  about	  the	  benefits	  and	  drawbacks	  and	  to	  make	  a	  decision	  based	  on	  an	  
individual	  design.	  
	  
	  
The	   following	   statement	   is	   quite	   powerful,	   and	  one	   that	   appears	   to	   represent	   the	  
current	  state	  of	  printed	  electronics	  technology:	  
	  
• “Printed	  electronics	  is	  not	  likely	  to	  exist	  on	  its	  own,	  printed	  electronics	  will	  be	  
combined	  with	  the	  best	  of	  what’s	  available”	  Expert	  1	  
	  
As	   printed	   electronics	   have	   limited	   capabilities	   in	   comparison	   to	   conventional	  
electronics,	   in	   order	   to	   keep	   the	   technology	   ‘up-­‐to-­‐date’	   and	   also	   competitive	   as	  
products	   and	   against	   other	   products.	   Using	   both	   conventional	   components	   and	  
printed	   electronics	   together	  will	   help	   to	   overcome	   these	   limitations	   in	   capabilities	  
and	  will	  allow	  printed	  electronics	  to	  ‘do	  what	  it	  does	  best’	  which	  will	  be	  in	  products	  
or	  applications	  where	  conventional	  PCBs	  cannot	  go.	  
	  
	  
During	  Question	  6,	  there	  were	  also	  a	  couple	  of	  negative	  responses	  of	  interest:	  
	  
• “Electronics	   without	   power,	   well	   isn’t	   electronics.	   Whilst	   we	   have	   buried	  
power	  sources	  down	  the	  bottom	  here,	  it’s	  the	  biggest	  problem	  that	  we	  have	  
at	  the	  moment.	  We	  also	  have	  to	  realise	  that	  printed	  electronics,	  there	  will	  be	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areas	  where	   it	  cannot	  go.	  We’ll	  never	  be	  able	  to	  print	  a	  CPU,	  we’ll	  never	  be	  
able	  to	  print	  an	  OLED	  display”	  Expert	  1	  
	  
• “An	   inductor	   is	   actually	   a	   very	   difficult	   thing	   to	   actually	   print…the	   laws	   of	  
physics	   will	   not	   allow	   me	   to	   make	   an	   inductor	   which	   is	   very	   useful	   by	   a	  
printing	  method”	  Expert	  1	  
	  
Both	  comments	  are	  referring	  to	  the	  taxonomy	  presented,	  with	  particular	  reference	  
to	   the	  ordering,	   having	   power	   sources	   at	   the	  bottom,	   it	   is	   referred	   to	   as	   if	   power	  
sources	  are	  being	  hidden,	  when	  actually	  it	   is	  an	  equal	  division	  or	  element	  to	  of	  the	  
taxonomy.	   However,	   this	   does	   highlight	   how	   important	   power	   sources	   are	   to	  
electronics,	  and	  that	  printed	  power	  sources	  are	  an	  area	  that	  are	  currently	  a	  problem.	  
The	   comment	   about	   an	   inductor	   is	   a	   good	   example	   of	   a	   problem	   that	   printed	  
electronics	   comes	   into	   contact	   with,	   it	   also	   shows	   that	   performance	   of	   certain	  
components	   are	   far	   less	   when	   printed,	   than	   when	   produced	   by	   conventional	  
electronic	  methods.	  
	  
	  
A	  collection	  of	  queries	  also	  occurred	  during	  this	  question:	  
	  
• “You’ve	   basically	   taken	   the	   elements	   of	   a	   system	   and	   sort	   of	   decomposed	  
them	  down.	  Are	  there	  any	  generic	  classifications	  for	  the	  clusters	  of	  the	  system	  
components	   that	   need	   new	   or	   novel	   ways	   of	   describing	   them?	   It’s	   just	   a	  
thought	  really”	  Expert	  2	  
	  
• “I	   expected	   that	   it	   was	   going	   to	   be	   much	   of	   about	   the	   use	   of	   language	  
really…what	  you’ve	  presented	  me	  is	  a	  sort	  of	  way	  of	  describing	  the	  elements	  
of	  an	  electronics	  system	  really,	  and	  then	  added	  a	  description	  of	  five	  processes	  
on	  the	  end	  to	  each	  of	  them.	  So,	  I	  guess	  that’s	  ok	  really”	  Expert	  2	  
	  
This	  expectation	  of	   the	   research	  being	  about	   the	  use	  of	   language	   is	   interesting,	  as	  
there	  is	  already	  a	  certain	  amount	  of	   language	  used	  to	  try	  and	  clearly	  communicate	  
the	  divisions	  correctly.	  
	  
• “I’m	  interested	  in	  what	  the	  value	  of	  what	  you’re	  doing	  is.	  What	  do	  you	  think	  
the	  significance	  is?	  And	  how	  is	  it	  going	  to	  be	  useful?”	  Expert	  2	  
	  
• “I	   think	   it	   would	   be	   very	   interesting	   to	   present	   the	   information	   just	   as	   a	  
taxonomy	  of	  electronics	  to	  product	  designers,	  and	  see	  whether	  they	  react	  any	  
differently	  to	  it	  as	  a	  taxonomy	  of	  printed	  electronics.	  I	  guess	  most	  of	  them	  will	  
be	  reasonably	  familiar	  with	  this,	  as	  a	  sort	  of	  system	  decomposition”	  Expert	  2	  
	  
Whilst	  looking	  at	  the	  taxonomy	  on	  it’s	  own	  and	  presenting	  it	  to	  designers,	  with	  and	  
without	  the	  printing	  processes	  may	  be	   interesting,	   if	   it	  was	  presented	  to	  designers	  
simply	   as	   a	   taxonomy,	   it	   would	   not	   have	   the	   desired	   amount	   of	   impact.	   The	  
information	  would	  be	  presented	  to	  them	  visually	  and	  with	  examples	  to	  optimise	  its	  
impact	  on	  the	  designers’	  ideas	  and	  designs.	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5.2.9.7	  Experts	  TRL	  grading	  examples	  discussion	  (Q7)	  
	  
In	  Question	   7,	   the	   experts	  were	   asked	   to	   use	   the	   printed	   electronics	   TRL	   scale	   to	  
assign	   the	   TRL	   number	   to	   each	   of	   the	   four	   examples	   provided	   that	   they	   felt	   each	  
example	  had	  reached	   in	   the	  blue	  boxes	  provided	   (Figure	  125	  and	  Figure	  126).	  This	  
question/activity	   generated	   the	  most	   responses	   out	   of	   all	   of	   the	   questions	   asked,	  
with	  the	  majority	  being	  negative.	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Figure	  125	  -­‐	  Examples	  for	  Experts	  to	  TRL	  grade	  page	  1	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Figure	  126	  -­‐	  Examples	  for	  Experts	  to	  TRL	  grade	  page	  2	  
	  
	  
• “Almost	  by	  definition,	  if	  a	  paper	  moves	  on	  beyond	  a	  history	  paper,	  then	  it	  has	  
to	  be	  a	  4.	  (shrugs)…I	  always	  think	  by	  definition	  that	  things	  that	  academics	  do	  
in	  their	   laboratories	  can	  really	  come	  above	  4.	   It’s	   there	   in	  the	  words	   isn’t	   it,	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it’s	   almost	   like	   saying	   to	  me	   ‘were	   these	  done	   in	  a	   laboratory,	   and	  do	   they	  
work?’	  and	  that	  seems	  to	  be	  like	  the	  logical,	  sort	  of	  conclusion	  to	  take.	  They	  
all	  seem	  to	  have	  been	  done	  in	  a	  laboratory,	  and	  they	  all	  seem	  to	  work”	  Expert	  
2	  
	  
• “I	  think	  that’s	  probably	  a	  4…I	  think	  to	  go	  beyond	  that,	  I	  would	  expect	  to	  see	  
work	  from	  somewhere	  like	  CPI,	  they’re	  a	  centre	  that’s	  particularly	  been	  set	  up	  
with	   a	   lot	   of	   government	   funding	   to	   do	   the	   next	   phase,	   steps	   towards	  
commercialisation”	  Expert	  2	  
	  
These	   comments	   offer	   an	   insight	   into	   the	   expert’s	   reasoning	   behind	   the	   grades	  
assigned.	   The	  mention	  of	   CPI	   is	   also	   interesting,	  with	   the	   idea	  of	   them	  having	   the	  
financial	   backing	   to	  push	   technology	   to	   the	  next	   steps	   towards	   commercialisation.	  
Throughout	   this	   part	   of	   the	   interview,	   all	   of	   the	   experts	   felt	   unsure	   about	   which	  
number	  to	  assign	  for	  some	  of	  the	  examples	  provided.	  However,	  with	  other	  examples	  
that	   related	   more	   closely	   to	   their	   line	   of	   expertise,	   such	   as	   particular	   printing	  
processes,	  the	  experts	  felt	  a	  lot	  more	  confident	  in	  grading.	  
	  
• “We’ve	  got	  the	  same	  problem	  here,	  resistors…a	  resistor’s	  not	   just	  a	  resistor,	  
we	  need	  to	  define	   its,	   the	  resistance,	  the	  resistance	   itself…to	  print	  a	  resistor	  
that’s	  plus	  or	  minus	  1%	  is	  virtually	  impossible…we	  can	  print	  resistors	  now,	  but	  
they’re	  very	  very	  poor	  resistors…again	  we’re	  a	  dimension	  short	  here”	  Expert	  1	  
	  
Some	   of	   the	   experts	   felt	   that	   the	   wording	   was	   a	   little	   too	   vague	   to	   be	   able	   to	  
accurately	  grade	  the	  examples.	  This	  also	  illustrates	  their	  awareness	  and	  concerns	  of	  
printed	   resistors	   in	   comparison	   to	   conventionally	   produced	   resistors;	   how	   those	  
produced	   conventionally	   are	   consistently	   successful	   with	   their	   capabilities	   of	  
accuracy	  of	  plus	  or	  minus	  1%,	  whereas	  printed	  would	  vary	  much	  more	  and	  are	  of	  a	  
poorer	  quality.	  
	  
• “But	   offset	   litho	   is	   hardly	   relevant	   for	   making	   printed	   electronics…you	  
wouldn’t	  use	  offset	   litho…you	  can	  use	  rotary	  screen	  printing,	  so	  on	  a	  reel	  to	  
reel,	  you	  would	  not	  necessarily	  use	  offset	   litho,	  you	  would	  use	  rotary	  screen	  
printing…it	  is	  relevant,	  let’s	  say	  for,	  a	  certain	  type	  of	  resistor	  for	  a	  certain	  type	  
of	  application.	  But	  then	  for	  a	  certain	  type	  of	  resistor,	  limit	  is	  limiting,	  and	  for	  
an	  application	  is	  limiting.	  So	  this	  might	  be	  relevant	  for	  10%	  of	  all	  applications,	  
you	  know,	  where	   it’s	  going	  to	  be	  used,	  so	  yes	   I	  can	  make	  a	  comment	  about	  
that,	  but	  then	  you’re	  missing	  out	  the	  bulk	  of	  where	  resistors	  are	  going	  to	  be	  
used	   in	   printed	   electronics…offset	   litho	   is	   probably	   not	   what’s	   going	   to	   be	  
used	  in	  printed	  electronics.	  (sighs)	  I	  think	  it	  is	  irrelevant	  to	  say	  6,	  but	  it’s	  very	  
limiting	  what	  would	  be	  ok	  for	  a	  limited	  application”	  Expert	  1	  
	  
This	  statement	  almost	  disagrees	  with	  offset	   litho’s	  place	  within	  printed	  electronics,	  
with	  emphasis	  on	   the	  use	  of	   rotary	  screen	  printing	   instead.	   It	   seems	  that	  Expert	   1	  
believes	   that	   there	   would	   be	   better	   ways	   in	   achieving	   resistors,	   appearing	   quite	  
frustrated	  with	  the	  suggestion	  of	  offset	  litho,	  describing	  it	  as	  limiting	  and	  that	  it	  may	  
be	  relevant	  for	  only	  10%	  of	  applications.	  Expert	  1	  seemed	  to	  feel	  that	  by	  presenting	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a	  resistor	  produced	  by	  offset	  litho	  it	  meant	  that	  all	  other	  resistors	  produced	  by	  other	  
processes	  were	  being	  disregarded,	  whereas	  this	  was	  not	  the	  case.	  Expert	  1	  appeared	  
to	  feel	  uncomfortable	  grading	  this	  example	  as	  it	  seemed	  that	  they	  did	  not	  believe	  in	  
it,	  they	  felt	  it	  was	  irrelevant	  and	  that	  it	  was	  probably	  not	  going	  to	  be	  used	  in	  printed	  
electronics.	  	  
	  
This	  was	  an	  interesting	  reaction	  as	  it	  highlights	  how	  strongly	  people	  can	  feel	  towards	  
different	   printing	   processes	   and	   their	   capabilities.	   It	   also	   shows	   the	   potential	  
reservations	   some	   may	   have	   towards	   developing	   ink	   formulations	   for	   particular	  
printing	   processes	   and	   also	   even	   considering	   using	   particular	   types	   of	   printing	  
processes.	  This	  approach	  and	  perspective	  of	   looking	  at	  the	  technology	  as	   it	   is	  now,	  
rather	  than	  what	  it	  could	  be	  in	  the	  future	  could	  potentially	  threaten	  the	  advances	  in	  
printed	  electronics	  technology.	  
	  
• “Capacitors,	   inkjet	   print…make	   that	   3…Dimatix	   2200	   printer…these	   are	  
toys…ok	  for	  making	  proof	  of	  technology,	  proof	  of	  concept,	  but	  the	  TRL	  is	  very	  
very	  low	  for	  that,	  you	  would	  not	  use	  that	  method	  at	  all…you’ll	  learn	  nothing	  
on	  a	  DMP	  machine	  for	  commercialisation.	  But,	  great	  for	  doing	  low	  TRL	  work,	  
no	  problems	  with	  that	  at	  all…anything	  you	  learn	  in	  DMP	  doesn’t	  go	  anywhere	  
else,	   because	   the	   inkjet	   heads	   on	   there	   are	   not	   compatible	   with	   any	   other	  
machine,	  so	  you	  have	  to	  move	  on	  from	  there,	  you	  have	  to	  sort	  of	  redevelop	  
the	  inks	  for	  the	  process…if	  we	  were	  going	  to	  print	  something	  which	  was	  just	  a	  
few	   Nano	   farads,	   very	   good,	   if	   it	   was	   micro	   farads,	   umm	   there	   and	   there	  
abouts.	  Lots	  of	  micro	  farads,	  impossible”	  Expert	  1	  
	  
This	  is	  a	  very	  useful	  insight	  into	  inkjet	  printing,	  knowledge	  that	  anything	  produced	  on	  
this	   particular	   printer	   or	   DMP	   cannot	   be	   transferred	   to	   other	   commercial	   scale	  
machines.	   The	   idea	   of	   needing	   to	   redevelop	   the	   inks	   for	   a	   larger	   scale	   process	  
emphasises	  how	  a	  machine	  of	  this	  type	  will	  only	  achieve	  very	  low	  level	  TRLs.	  	  
	  
• “Super	   cap	   gravure,	   well,	   TRL,	   it’s	   low,	   again	   application…if	   we	   look	   inside	  
what	  actually	  makes	  up	  a	  super	  cap,	  then	  it’s	  very	  complicated	  and	  the	  same	  
with	  all	   these	  things…it	   is	  all	  very	   immature	  at	   the	  moment,	  nobodies	  got	  a	  
super	  capacitor	  which	  is,	  which	  shows	  anything,	  apart	  from	  potential	  at	  this	  
time…reliability’s	  poor	  at	  this	  time,	  and	  the	  capacity	  is	  not	  particularly	  good…I	  
think	  5	  is	  fairly	  generous”	  Expert	  1	  
	  
Here,	  Expert	   1	  discusses	  again	  around	  the	  subject,	   comparing	  other	  examples	   that	  
were	  not	   in	   the	   information	  presented.	  Whilst	   this	  offers	  an	   interesting	  analysis,	   it	  
does	  not	  offer	  one	  that	  directly	  relates	  to	  the	  presented	  information.	  	  
	  
• “Transistor,	  my	  god,	  I	  mean	  a	  transistor	  is	  a	  whole	  world	  of	  pain	  all	  of	  its	  own.	  
There’s	  many	  many	  types	  of	  transistor,	  to	  sort	  of	  say	  you	  can	  print	  transistors	  
by	  any	  of	   these	  methods,	   god,	   there’s	   a	   lot	   of	   different	   types	  of	   transistor”	  
Expert	  1	  
	  
	   229	  
The	  topic	  of	  a	  printed	  transistor	  trigged	  a	  very	  strong	  negative	  reaction,	  this	  further	  
highlights	   how	   the	   expert	   felt	   almost	   overwhelmed	   by	   the	   idea	   of	   printing	   a	  
transistor,	  but	  also	  a	  similar	  issue	  to	  that	  of	  a	  resistor	  (previously	  discussed),	  in	  that	  
there	  are	  seemingly	  so	  many	  different	   types	  or	  variations,	   that	   it	   is	  difficult	   to	  TRL	  
grade	  just	  the	  term	  ‘transistor’	  or	  ‘resistor’.	  However,	  with	  this	  said,	  the	  task	  was	  to	  
grade	   just	   one	   example	   of	   one	   particular	   ‘transistor’,	   it	   appeared	   this	   task	   was	  
puzzling	   for	   the	  experts,	  as	   they	  often	  went	  off	   topic,	   such	  as	  attempting	   to	  grade	  
‘transistors’	  as	  a	  whole	  topic,	  rather	  than	  just	  the	  one	  specific	  example	  presented	  to	  
them.	  
	  
• “It	  all	  comes	  down	  to	  economics;	   it	  comes	  down	  also	  to	  an	  unknown.	  Some	  
bits	  of	  the	  electronics	  industry	  are	  very	  conservative,	  they’d	  much	  rather	  not	  
be	  the	  first	  company	  to	  evaluate	  a	  new	  technology	  if	  there’s	  any	  chance	  of	  it	  
ever	   going	   wrong.	   And	   if	   you	   can’t	   say	   to	   these	   people,	   ‘well,	   we’ve	   had	  
structures	  that	  we’ve	  had	   in	  use	  out	   in	  the	  field	  for	  ten	  years,	  we’ve	  had	  no	  
problems,	  we	  know	  what	  the	  failure	  modes	  are’	  then	  they	  tend	  to	  back	  away,	  
and	  say	  ‘well	  come	  back	  to	  us	  when	  you’ve	  finally	  found	  out	  what	  the	  issues	  
are’.”	  Expert	  3	  
	  
Expert	   3	   makes	   an	   interesting	   point	   here,	   showing	   how	   industry	   can	   have	   fairly	  
strong	   reservations	   themselves	   and	   are	   concerned	   with	   new	   technology	   and	   it’s	  
potential	   failures.	   If	   those	  with	   the	   technology,	   such	   as	   people	   in	   academia,	   have	  
proved	  that	  the	  technology	  has	  been	  successful	  out	  in	  the	  field	  for	  a	  number	  of	  years	  
and	   the	   industry	   still	   have	   reservations,	   it	   could	   make	   it	   very	   difficult	   for	   the	  
technology	  to	  develop,	  and	  could	  potentially	  be	  a	  stopping	  point.	  
	  
The	  experts	  had	  a	  few	  positive	  comments	  to	  add	  about	  the	  examples:	  
	  
• “I	  think	  we’re	  up	  there	  and	  ready	  to	  go	  with	  printed	  inductors”	  Expert	  3	  
	  
• “Capacitors,	  inkjet,	  yes,	  I’m	  happy	  with	  that”	  Expert	  1	  
	  
• “Gravure…super	  capacitors…it’s	  doable…it	  does	  sound	  quite	  viable”	  Expert	  3	  
	  
Of	   the	   examples,	   these	   comments	   highlight	   a	   few	   areas	   of	   certainty,	   with	   the	  
exception	  of	   gravure	  printed	   super	   capacitors,	   as	  Expert	   3	   felt	   that	   they	  appeared	  
viable,	  but	  was	  also	  very	  uncertain	  of	  which	  number	  to	  assign.	  
	  
• “You	  would	  be	  able	  to	  make	  some	  very	  nice	  structures	  using	  gravure,	  I	  think,	  
as	  the	  ink	  is	  very	  dense,	  and	  you	  can	  produce,	  if	  you	  like,	  not	  a	  thin	  deposit	  of	  
an	  ink	  film	  on	  a	  planar	  substrate,	  but	  you	  can	  produce	  something	  like	  a	  wire,	  
that’s	   actually	   proud	   of	   the	   substrate.	   Now	   that	   might	   be	   something	   we	  
would	  like	  to	  look	  at,	  if	  someone	  could	  lend	  us	  a	  gravure	  press”	  Expert	  3	  
	  
Expert	  3’s	  comment	  about	  gravure	  inks	  and	  the	  structures	  they	  could	  achieve	  shows	  
a	  passion	   for	   their	  potential,	  however,	  expert	   3	   felt	   that	   they	  didn’t	   know	  enough	  
about	  the	  process	  and	  its	  capabilities	  to	  confidently	  TRL	  grade	  the	  example.	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• “We	   love	   the	   little	   Dimatix	   printers,	   for	   a	   proof	   of	   technology,	   cracking	  
machines…we	  use	  them	  all	  the	  time	  for	  making	  proof	  of	  technology,	  proof	  of	  
concept,	   excellent	   for	   that…great	   for	   doing	   the	   low	   TRL	  work,	   no	   problems	  
with	  that	  at	  all”	  Expert	  1	  
	  
This	  shows	  the	  belief	  that	  Expert	  1	  has	  in	  the	  Dimatix	  printer	  for	  low	  TRL	  work,	  and	  
how	  they	  have	  used	  it	  themselves,	  but	  only	  for	  proof	  of	  concept,	  no	  further.	  
	  
	  
The	  experts	  also	  showed	  very	  defensive	  responses	  to	  this	  activity:	  
	  
• “I	  don’t	  know	  anything	  about	  super	  capacitors	  that	  I	  can	  talk	  about,	  and	  we	  
haven’t	   really	  done	  any	  work	  on	  gravure.	  The	   reason	   for	   that	   is	   the	  presses	  
are	   few	   and	   far	   between,	   and	   they’re	   particularly	   expensive,	   they’re	   the	  
things,	  as	  you	  know,	  that	  are	  used	  to	  print	  bank	  notes	  and	  not	  many	  people	  
have	   got	   a	   gravure	   press…but	   I	   don’t	   know	   anything	   about	   gravure…even	  
though	  I	  don’t	  know	  anything	  about	  it?...I’ve	  not	  read	  these	  people’s	  papers,	  I	  
don’t	  know,	  I’m	  not	  familiar	  with	  their	  work”	  Expert	  3	  
	  
• “Well	  it’s	  a	  bit	  difficult…I	  don’t	  know,	  it	  all	  really	  depends	  what	  the	  validation	  
means	  doesn’t	  it”	  Expert	  2	  
	  
• “I	  have	  a	  problem	  here	  with	  answering	  a	  question	  like	  this,	  it	  depends	  on	  the	  
application,	   it	  depends	  on	  the	  specification…so	  I	  have	  difficulty,	  because	  this	  
is	  not	  application	  specific…again	  it	  depends	  on	  the	  application,	  I	  will	  find	  this	  
very	  hard,	  as	  I’m	  a	  dimension	  short	  here…I	  have	  to	  say,	  that	  we’re	  missing	  a	  
dimension	  and	  it	  is	  important,	  so	  it	  depends	  on	  the	  application”	  Expert	  1	  
	  
• “Well	   it’s	   complicated,	   so	   I,	   as	   I	   say,	   this	   extra	   dimension,	   the	   application	   I	  
think	   is	   important	   to	   understand	   where	   it	   fits	   in	   the	   real	   world,	   we’re	   not	  
living	  in	  a	  two	  dimensional	  world”	  Expert	  1	  
	  
All	  the	  experts	  seemed	  to	  find	  the	  activity	  very	  difficult	  and	  also	  a	  very	  complicated	  
matter	  to	  address.	  Experts	  3	  and	  1	  did	  not	  read	  the	  reference	  papers	  when	  offered,	  
so	  it’s	  an	  interesting	  comment	  to	  make	  in	  a	  defensive	  statement	  that	  they	  have	  ‘not	  
read	  these	  people’s	  papers’.	  However,	  it	  may	  be	  that	  they	  felt	  like	  they	  were	  being	  
watched	   if	   they	   had	   read	   the	   papers	   in	   the	   interview,	   it	   is	   difficult	   to	   tell	   as	   their	  
response	  was	  a	  ‘no’	  when	  offered	  the	  reference	  papers	  to	  look	  at.	  It	  appeared	  clear	  
that	   Expert	   1	   did	   not	   feel	   comfortable	   TRL	   grading	   the	   examples	   without	   putting	  
them	  in	  context	  in	  relation	  to	  application,	  and	  understanding	  ‘where	  it	  fits	  in	  the	  real	  
world’.	  
	  
	  
	  
	  
	   231	  
There	  were	  a	  couple	  of	  final	  thoughts	  on	  the	  research	  as	  a	  whole	  for	  the	  TRL	  scale	  
and	  the	  taxonomy:	  
	  
• “No,	  I’m	  personally,	  I’m	  happy	  with	  TRLs…I	  think	  the	  industry	  is	  used	  to	  it,	  and	  
I	  think	  we	  all	  use	  it,	  and	  we’re	  all	  comfortable	  with	  it…no	  problems	  with	  this	  
at	   all…because	   if	   I’m	   talking	   to	   someone	   else	   and	   I	   talk	   about	   TRLs,	   then	  
we’ve	   all	   got	   used	   to	   them,	   and	   the	   number	   produces	   is	   quite	   important,	  
because	  we	  all	  use,	  if	  you	  like,	  words	  and	  our	  interpretation	  in	  our	  heads	  can	  
be	   quite	   different	   and	   I	   hear	   the	   words	   and	   I	   have	   one	   of	   my	   common	  
problems	   I	   have	  with	   young	   people,	   I	   hear	   the	  words,	   but	   do	   I	   understand	  
what	  the	  words	  mean?	  And	  that	  is	  quite	  an	  issue”	  Expert	  1	  
	  
• “A	  taxonomy	  of	  course	  is	  something	  which	  you	  try	  and	  have	  an	  event	  clincher,	  
which	  we	  all	  understand,	  at	  this	   time,	  then	  the	  nature	   is	  quite	  troublesome.	  
When	  we	  say	  super	  capacitor,	  do	  we	  know	  what	  a	  super	  capacitor	  is?”	  Expert	  
1	  
	  
These	   appear	   to	   be	   two	   very	   interesting	   points,	   the	   idea	   of	   numbers	   seeming	   a	  
clearer	  communication	  method	  than	  words,	  however,	  the	  numbers	  do	  initially	  have	  
to	  be	  communicated	  through	  words	  to	  explain	  what	  the	  numbers	  mean,	  so	  this	  idea	  
of	  words	  seeming	  not	  to	  make	  as	  much	  sense	  as	  numbers	  could	  prove	  problematic.	  
The	   individual	  words	   in	   the	   taxonomy	   such	   as	   a	   ‘supercapacitor’	   could	   be	   a	   good	  
avenue	  to	  explore.	  However,	  if	  you	  start	  changing	  component	  names	  to	  other	  words,	  
say,	  related	  to	  applications	  instead,	  then	  you	  reach	  the	  same	  problem	  as	  previously	  
mentioned,	   this	   being	   that	   designers	   will	   only	   be	   aware	   of	   applications	   available,	  
rather	  than	  knowledge	  on	  the	  technology	  itself.	  A	  designer	  would	  need	  to	  be	  aware	  
of	  the	  properties	  of	  a	  component	  and	  what	  is	  capable	  of,	  but	  to	  start	  changing	  the	  
component	   names	   in	   the	   taxonomy	   does	   not	   seem	   logical	   for	   it	   to	   stand	   as	   a	  
framework.	  	  
	  
• “High	   resolution	   graphics,	   I	   mean	   that	   is	   so	   many	   words,	   but	   do	   we	  
understand	  what	  that	  means?	  The	  chances	  are,	  we	  do	  not,	  actually	  if	  you	  said	  
to	   me	   ‘high	   resolution	   graphics’,	   I	   would	   immediately	   think,	   think	   about	  
things	   like	   OLED.	   That	   might	   not	   be	   in	   your	   mind,	   for	   instance,	   you	  might	  
think	  of	  electrochromatic	  or	  something	  else,	  so	  these	  simple	  words	  here,	  will	  
mean	   different	   things	   to	   different	   people,	   if	   you	   simply	   said	   the	   word,	   it	  
depends	  on	  their	  own	  backgrounds”	  Expert	  1	  
	  
Again,	   the	   information	   presented	   to	   the	   experts,	   in	   this	   case,	   the	   taxonomy,	   is	  
ultimately	  a	   framework	   in	  which	  the	  technology	  can	  be	  classified.	  Designers	  would	  
not	  receive	  the	  taxonomy,	  they	  would	  be	  presented	  with	  all	  the	  relevant	  information	  
needed,	  so	  definitions	  of	  these	  areas	  with	  visuals	  and	  examples	  to	  help	  explain.	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5.2.9.8	  Experts	  TRL	  grading	  examples	  results	  
	  
The	   results	   for	   the	   experts	   TRL	   grading	   the	   examples	   provided	   are	   displayed	   in	   a	  
table	  for	  ease	  of	  comparison	  (Table	  11).	  The	  answers	  are	  shown	  as	  they	  were	  written	  
on	  the	  examples,	   there	   is	  a	  clear	  hesitance	  with	  a	  couple	  of	   the	  answers,	  one	  that	  
couldn’t	  decide	  a	  number,	  and	  one	   that	  added	  a	  question	  mark	  as	   they	  were	  very	  
uncertain.	  With	  this	  said,	  all	  of	  the	  experts	  felt	  unsure	  when	  grading	  at	  least	  some	  of	  
the	  examples.	  
	  
Table	  11	  -­‐	  Experts	  TRL	  Grading	  Examples	  Results	  
	   Resistor	  
(Lithographically	  
printed)	  
Capacitor	  
(Inkjet	  
printed)	  
Inductor	  
(Screen	  
printed)	  
Supercapacitor	  
(Gravure	  
printed)	  
Expert	  1	   6	   3	   6/7	   5	  
Expert	  2	   4	   4	   4	   4	  
Expert	  3	   7	   6	   8	   7?	  
	  
Comparing	  the	  results,	  it	  is	  clear	  that	  the	  TRL	  numbers	  assigned	  are	  inconclusive.	  As	  
mentioned	   by	   the	   experts,	   this	   task	  was	   not	   an	   easy	   or	   simple	   one	   to	   undertake.	  
There	   was	   a	   lot	   of	   hesitance	   when	   it	   came	   to	   actually	   assigning	   a	   number	   to	   an	  
example,	  even	  when	  looking	  at	  the	  references	  of	  the	  examples	  in	  full;	  however,	  only	  
one	   of	   the	   experts	   wanted	   to	   look	   at	   the	   references	   when	   they	   were	   offered	   to	  
them.	  
	  
This	  inconsistency	  in	  TRL	  grades	  assigned	  for	  each	  example	  shows	  that	  the	  experts,	  
whether	  or	  not	  it	  is	  related	  to	  their	  background,	  all	  have	  completely	  different	  views	  
on	  the	  examples	  presented	  to	  them.	  	  
	  
	  
5.2.9.9	   Researcher’s	   TRL	   grading	   examples	   before	   and	   after	  
interviews	  	  
	  
Before	   the	   interviews	   with	   the	   printed	   electronics	   experts,	   the	   researcher	   TRL	  
graded	  the	  examples,	  however,	  after	  the	  interviews	  as	  they	  brought	  such	  a	  range	  of	  
different	   opinions	   and	   new	   insights	   into	   the	   printing	   processes,	   the	   TRL	   numbers	  
have	   been	   altered.	   These	   have	   been	   displayed	   in	   a	   table	   for	   ease	   of	   comparison	  
(Table	  12).	  
	  
Table	  12	  -­‐	  Researcher’s	  TRL	  grading	  examples	  before	  and	  after	  interviews	  
	   Resistor	  
(Lithographically	  
printed)	  
Capacitor	  
(Inkjet	  
printed)	  
Inductor	  
(Screen	  
printed)	  
Supercapacitor	  
(Gravure	  
printed)	  
Before	   5	   5	   5	   5	  
After	   6	   4	   4	   5	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Lithographically	  printed	  resistors	  have	  gone	  up	  a	  level	  to	  TRL	  6,	  as	  it	  shows	  process	  
capability	   on	   production	   equipment,	   rather	   than	   just	   validation.	   This	   is	   due	   to	   an	  
altered	  perception	  on	  how	  these	  examples	  will	  be	  graded;	  it	  has	  been	  moved	  up	  one	  
level,	   as	  no	  additional	   changes	  are	  needed	   to	   the	  printed	   resistor	   itself	   to	  make	   it	  
capable	  of	  being	  produced	  on	  production	  equipment,	  it	  is	  already	  capable.	  
	  
Inkjet	  printed	  capacitors	  has	  been	  assigned	  the	  level	  below,	  to	  TRL	  4.	  This	  is	  due	  to	  
new	  knowledge	  gained	  about	  the	  inkjet	  printer	  used,	  and	  how	  any	  work	  done	  on	  this	  
printer	   does	   not	   translate	   to	   larger	   scale	   production	   as	   the	   printer	   heads	   are	   not	  
appropriate,	   so	   the	   ink	  would	   need	   to	   be	   reformulated	   in	   order	   to	  move	   towards	  
commercialisation.	  So	  the	  printer	  used	  in	  this	  example	  would	  only	  achieve	  a	  TRL	  4,	  
which	   is	   good	   for	   a	   proof	   of	   concept	   validation,	   but	   the	   inks	   would	   need	   to	   be	  
completely	  changed	  for	  mass	  manufacture.	  
	  
Screen	  printed	  inductors	  have	  also	  gone	  down	  a	  TRL	  number	  as	  the	  screen	  printing	  
used	   was	   not	   a	   rotary	   screen	   printer	   and	   therefore	   it	   does	   not	   achieve	   process	  
validation	  on	  production	  equipment,	  as	  a	  rotary	  screen	  printer	  would	  be	  required.	  
	  
Gravure	  printed	  supercapacitors	  remain	  at	  TRL	  5	  as	  they	  were	  produced	  via	  roll-­‐to-­‐
roll	   gravure	   printing,	   so	   have	   achieved	   the	   process	   being	   validated	   on	   production	  
equipment	   as	   a	   prototype	   demonstration.	  However,	   due	   to	   the	   ink	   needing	   to	   be	  
dried	  at	  80°C	  and	  also	  followed	  by	  a	   low	  temperature	   laser	  annealing	  process,	   this	  
would	   vastly	   slow	   down	   production	   and	   would	   therefore	   affect	   the	   process	  
capability,	  as	  the	  production	  could	  potentially	  not	  reach	  demands.	  	  
	  
	  
5.2.9.10	   The	   process	   of	   TRL	   grading	   the	   taxonomy	   for	   this	  
research	  
	  
Following	  the	  TRL	  grading	  part	  of	  the	  interviews	  with	  the	  printed	  electronics	  experts,	  
due	  to	  their	  high	  levels	  of	  uncertainty	  when	  grading	  the	  examples,	  and	  therefore	  the	  
inconclusive	   results	   produced,	   it	   is	   clear	   that	   this	   is	   not	   an	   appropriate	   or	   reliable	  
method	  of	  analysis.	  This	  uncertainty	  could	  also	  have	  been	  due	  to	  them	  being	  a	  little	  
behind	  or	   unaware	  of	   the	   latest	   research.	   The	   researcher	  who	   is	   immersed	   in	   the	  
most	   recent	   research	   will	   therefore	   be	   the	   best	   placed	   person	   to	   TRL	   grade	   the	  
Taxonomy	   using	   up-­‐to-­‐date	   examples.	   This	   is	   because	   the	   researcher	   has	   time	   to	  
read	  publications	  about	  the	  examples	  more	  thoroughly,	  whilst	  keeping	   in	  mind	  the	  
reasoning	  behind	   the	  printed	  electronics	  experts’	  decisions,	   and	   focussing	  on	  each	  
example	   individually.	   This	   combination	   will	   allow	   the	   researcher	   to	   make	   an	  
informed	  decision	  when	  assigning	  the	  TRL	  numbers	  to	  each	  example/element	  of	  the	  
taxonomy.	  Due	  to	  the	  dynamic	  nature	  of	  this	  technology,	  its	  taxonomy	  may	  change	  
over	  the	  years	  with	  its	  progress,	  and	  therefore	  also	  the	  TRL	  numbers	  assigned.	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5.2.9.11	  Printed	  electronics	  applications	  mentioned	  	  
	  
Throughout	   the	   interviews,	   the	   experts	   mentioned	   a	   range	   of	   printed	   electronics	  
applications;	  these	  are	  as	  follows:	  
	  
Quotes	  from	  Expert	  1:	  
• Business	  card	  
• Smart	  packaging	  
• Labels	  
• Labels	  on	  bottles	  
• Functional	  structures,	  which	  are	  things	  like	  3D	  
• Singing	  birthday	  card	  
• Board	  game,	  something	  like	  a	  monopoly	  set	  
• Bio	  resistor	  
• Strain	  gages	  
• Card	  board	  box	  
• Energy	  harvesting	  
• NFC	  products	  
• Automotive	  industry	  
	  
Quotes	  from	  Expert	  2:	  
• Packaging	  has	  got	  probably	  the	  greatest	  potential	  I	  suppose	  
	  
Quotes	  from	  Expert	  3:	  
• Christmas	  cards	  
• Thermistors	  
• Biosensors	  to	  detect	  insulin	  in	  blood	  
• Measuring	  glucose	  in	  blood	  
• Humidity	  chambers	  for	  the	  pharmaceutical	  and	  similar	  industries,	  where	  you	  
need	  to	  have	  precise,	  a	  small	  volume	  of	  air,	  precisely	  controlled	  humidity	  
• Backlighting…electroluminescent	   displays…suitable	   for	   backlighting	   liquid	  
crystal	  display	  devices	  
• Keyboard	  matrices….keyboard	  for	  a	  PC	  
• RFID	  structures,	  RFID	  cards	  and	  RFID	  bracelets	  
• Inductors…secondary	  of	  the	  high	  frequency	  transformer	  
	  
There	  are	  no	  real	  strong	  themes	  in	  the	  applications	  mentioned	  by	  the	  experts,	  apart	  
from	   perhaps	   packaging,	   with	   Expert	   1	   mentioning	   smart	   packaging,	   labels	   and	  
cardboard	   boxes,	   and	   Expert	   2	   saying	   that	   packaging	   probably	   had	   the	   best	  
potential.	   However,	   an	   interesting	   observation	   is	   that	   of	   all	   the	   experts	   only	  
mentioning	   existing	   applications,	   none	  of	   them	   suggested	   any	  new	  applications	  or	  
areas	  of	  interest	  for	  this	  technology	  to	  progress	  into.	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5.2.10	   Changes	   to	   implement	   following	   the	   interviews	  
with	  experts	  
	  
All	   the	   experts	   agreed	   with	   the	   information	   on	   the	   Taxonomy	   and	   TRL	   scale	  
presented,	   confirming	   the	   information	   to	   be	   accurate	   and	   appropriate.	  Out	   of	   the	  
previous	   discussion,	   and	   after	   much	   consideration,	   only	   one	   suggestion	   is	  
particularly	  valid.	  It	  is	  a	  very	  minor	  one,	  which	  was	  suggested	  by	  Expert	  2,	  to	  add	  an	  
‘s’	  to	  transistor	  on	  the	  taxonomy	  of	  printed	  electronics,	  this	  will	  help	  the	  taxonomy	  
read	  better	  and	  keeps	  the	  information	  more	  consistent.	  
	  
Even	   though	   there	   is	   only	   one	   minor	   change,	   there	   were	   many	   important	   points	  
brought	   forward	   that	   should	   be	   considered	   when	   translating	   this	   technology	   to	  
designers,	  these	  are	  discussed	  in	  the	  following	  section.	  
	  
	  
	  
5.2.11	  Summary	  
	  
From	   these	   interviews,	   there	   have	   been	   important	   points	   noted	   that	   need	   to	   be	  
considered	  when	  translating	  this	  technology	  to	  student	  designers.	  
	  
When	  discussing	  the	  Taxonomy	  of	  Printed	  Electronics:	  	  
	  
• “You’ve	   basically	   taken	   the	   elements	   of	   a	   system	   and	   sort	   of	   decomposed	  
them	  down.	  Are	  there	  any	  generic	  classifications	  for	  the	  clusters	  of	  the	  system	  
components	   that	   need	   new	   or	   novel	   ways	   of	   describing	   them?	   It’s	   just	   a	  
thought	  really”	  Expert	  2	  	  
	  
Whilst	  this	  will	  not	  be	  implemented	  in	  the	  taxonomy	  as	  it	  is	  important	  for	  designers	  
to	   understand	   the	   functionality	   of	   each	   component,	   understanding	   what	   each	  
component	  does,	  this	  description	  through	  functionality	  could	  pose	  as	  a	  novel	  way	  in	  
describing	   them.	  Describing	   to	   the	   designers	   each	   area	   or	   classification	   as	  what	   it	  
can	   support	   or	   do,	   as	   a	  more	   simple	   approach,	   rather	   than	   the	   specific	   individual	  
electronic	  capabilities	  such	  as	  with	  batteries,	  rather	  than	  discussing	  the	  charge	  and	  
discharge	   curves,	   it	   would	   be	   communicated	   to	   them	   as	   the	   length	   of	   time	   the	  
battery	  would	  last,	  e.g.	  ‘five	  hours’	  or	  ‘2	  days’.	  
	  
	  
• “Put	  the	  electronics	  where	  it	  has	  not	  been	  before”	  Expert	  1	  	  
	  
This	  will	  be	  a	  very	  interesting	  approach	  to	  take	  when	  thinking	  about	  designing	  with	  
this	   technology,	   as	   printing	   electronics	   is	   not	   always	   cheaper	   than	   conventional	  
electronics,	  as	  conventional	  already	  has	  a	  substantial	  supply	  chain	  which	  makes	  cost	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difficult	   to	   compete	   with.	   Designs	   with	   this	   technology	   will	   have	   to	   offer	   other	  
benefits	   that	   conventional	   cannot,	   such	  as	   in	  places	  where	  electronics	  has	  not	   yet	  
appeared,	  or	  where	  conventional	  electronics	  cannot	  venture.	  
	  
• “Where	  is	  printed	  electronics	  going	  to	  be	  for	  the	  future?”	  Expert	  1	  	  
	  
This	   comment	   bares	   a	   concept	   that	   potentially	   designers	   should	   always	   consider.	  
Designers	  could	  help	  shape	  the	  technology’s	  future,	  if	  they	  can	  see	  the	  potential	   in	  
this	   technology	   and	   translate	   it	   into	   new	   products,	   it	   could	   help	   to	   secure	   the	  
technology’s	   future	   by	   providing	   new	   avenues	   and	   opportunities	   in	  which	   printed	  
electronics	  can	  be	  optimised	  and	  pushed	  to	  its	  highest	  potential.	  
	  
	  
• “TRL	  levels	  now	  are	  being	  discussed	  by	  Innovate	  UK,	  as	  now	  they	  are	  really	  on	  
the	  5,	  to	  7,	  to	  8ish	  level,	  because	  they	  think	  that	  enough	  work,	  enough	  money	  
has	   been	   put	   into	   the	   low	   TRL	   levels,	   that	   we	   understand,	   if	   you	   like,	   the	  
technology,	   but	   now	   it’s	   about	   the	   engineering,	   not	   technology.	   It	   is	   the	  
application	  of	  technology	  to	  an	  application,	  and	   it	   is	  now	  driven	  much	  more	  
now	  about	  commercialisation”	  Expert	  1	  	  
	  
This	   strong	   support	  of	   TRLs,	   not	  only	   from	   the	  expert,	   but	   also	   from	   Innovate	  UK,	  
with	  their	  particular	  interest	  in	  the	  TRLs	  from	  5	  to	  8	  shows	  the	  point	  at	  which	  others	  
(other	   than	   the	   inventors)	   are	   willing	   to	   fund	   or	   invest	   in,	   and	   therefore	   how	  
achieving	   these	   higher	   TRLs	   can	   help	   toward	   the	   success	   of	   the	   technology.	   The	  
emphasis	   falls	   again	   with	   the	   application	   of	   the	   technology,	   driven	   by	  
commercialisation.	   This	   appears	   to	   not	   just	   be	   one	   person’s	   view,	   but	   to	   some	  
extent,	  potentially	  also	  that	  of	  Innovate	  UK,	  as	  their	  focus	  turns	  to	  the	  higher	  TRLs.	  It	  
is	   still	   uncertain	   at	   which	   stage	   of	   the	   TRLs	   a	   piece	   of	   technology	   should	   be	  
presented	  to	  designers.	  
	  
	  
When	  talking	  about	  the	  Printed	  Electronics	  Technology	  Readiness	  Level	  scale:	  	  
• “it	  won’t	  necessarily	  solve	  the	  key	  problems	  with	  commercialisation”	  Expert	  2	  	  
	  
Also	   expert	   3	   highlighted	   that	   industry	   can	   have	   fairly	   strong	   reservations	  
themselves	   and	   are	   concerned	   with	   new	   technology	   and	   it’s	   potential	   failures.	   If	  
those	   with	   the	   technology,	   such	   as	   people	   in	   academia,	   have	   proved	   that	   the	  
technology	   has	   been	   successful	   out	   in	   the	   field	   for	   a	   number	   of	   years	   and	   the	  
industry	  still	  have	  reservations,	   it	  could	  make	   it	  very	  difficult	   for	   the	  technology	  to	  
develop,	  and	  could	  potentially	  be	  a	  stopping	  point.	  However,	  designers	  could	  help	  to	  
solve	   this	   problem	   through	   design,	   as	   this	   could	   help	   to	   bridge	   the	   gap	   between	  
academia	   and	   industry/commercialisation,	   as	   they	   can	   show	   the	   technology’s	  
potential.	  
	  
	  
• “Reliability	  and	  durability,	  is	  it	  suitable	  for	  the	  application?”	  Expert	  1	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These	   two	   areas	   mentioned,	   reliability	   and	   durability	   would	   be	   good	   aspects	   to	  
discuss	  when	  presenting	  the	  printed	  electronics	  information	  to	  designers,	  as	  it	  could	  
affect	  where	  they	  use	  the	  technology	  within	  their	  designs.	  	  
	  
	  
• “Environmental	   impacts	   of	   packaging	  when	   you	  put	   electronic	  materials	   on	  
them”	  Expert	  2	  	  
	  
The	   environmental	   impact	   of	   this	   technology	   if	   used	   in	   packaging	   is	   also	   an	  
important	   topic	   to	   focus	   on	  when	   describing	   the	   technology	   to	   designers.	   As	   this	  
technology	  could	  contribute	  hugely	  toward	   landfills	   if	  used	   in	  packaging,	  the	  aim	  is	  
to	   move	   this	   technology	   into	   products,	   preferably	   with	   a	   fairly	   long	   life,	   not	  
packaging,	  as	  then	  this	  will	  reduce	  the	  possibility	  of	  all	  printed	  electronics	  having	  to	  
go	   into	   landfill.	  Methods	  of	   recycling	   this	   technology	   are	   still	   in	   their	   early	   stages,	  
and	  are	  still	  queried	  with	  regards	  to	  feasibility	  of	  recycling	  this	  technology.	  However,	  
when	  compared	  to	  conventional	  electronics,	  they	  use	  much	  less	  raw	  materials,	  and	  
are	   a	   lot	   less	  wasteful	   with	  materials	   as	   the	  material	   is	   placed	   as	   and	  where	   it	   is	  
needed;	   also	   conventional	   electronics	   are	   often	   not	   very	   recyclable.	   To	   lessen	   the	  
amount	   of	   electronics	   simply	   being	   thrown	   away,	   designers	   can	   design	   for	   the	  
future,	  perhaps	  in	  products	  with	  a	  longer	  life	  and	  to	  look	  at	  ways	  to	  re-­‐use	  printed	  
electronic	  circuits.	  Printed	  electronics	  have	  mostly	  been	  based	  in	  packaging,	  point	  of	  
sale,	   or	   very	   cheap	   promotional	   give	   away	   products;	   this	   needs	   to	   change,	   this	  
perception	  of	  the	  technology	  needs	  to	  change,	  and	  designers	  could	  be	  the	  ones	  to	  
implement	  that	  change.	  
	  
	  
An	  observation	  by	  Expert	  2	  was	  that	  there’s	  been	  no	   ‘killer	  application’	  so	  far,	   this	  
could	   also	   be	   why	   the	   technology	   has	   not	   progressed	   as	   fast	   as	   may	   have	   been	  
expected,	   again	   designers	  may	  well	   be	   the	   ones	  with	   the	   ability	   to	   design	   a	   killer	  
application	  or	  design.	  
	  
	  
A	   decision	   for	   designers	   will	   also	   be	   that	   of	   intellectual	   property	   and	   production	  
costs,	  as	  discussed	  by	  Expert	  3.	  The	  products’	  benefits	  need	  to	  be	  more	  than	  just	  the	  
price	  alone	  as	  conventional	  electronics	  have	  an	  existing	  substantial	  supply	  chain,	  and	  
can	   therefore	   often	   produce	   the	   same	   circuit	   via	   conventional	   electronics	   for	  
cheaper	   than	   printed	   electronics,	   this	   is	   often	   present	   in	   countries	   which	   do	   not	  
recognise	   intellectual	  property	   (IP),	  so	  this	   IP	  could	  be	  put	   in	   jeopardy	   if	  a	  cheaper	  
cost	  is	  required.	  
	  
	  
A	  printed	  electronic	  circuit	  populated	  with	  conventional	  electronic	  components	  may	  
be	  a	  way	  forward	  if	  printing	  the	  entire	  circuit	  is	  not	  an	  option:	  	  
	  
• “Look	  at	  an	  application	  and	  then	  look	  at	  the	  bill	  of	  materials,	  it	  is	  ‘what’s	  the	  
best	  way	  of	  making	  it?...If	  we	  can	  print	  it,	  we’ll	  print	  it:	  and	  if	  we	  can’t,	  then	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we’ll	  look	  at	  combining	  then	  with	  other	  materials	  to	  meet	  the	  specifications”	  
Expert	  1	  	  
	  
• “Printed	  electronics	  is	  not	  likely	  to	  exist	  on	  its	  own,	  printed	  electronics	  will	  be	  
combined	  with	  the	  best	  of	  what’s	  available”	  Expert	  1	  	  
	  
Designers	  will	  also	  need	  to	  be	  aware	  of	  how	  conventional	  electronics	  may	  still	  play	  a	  
part	   within	   this	   technology,	   incorporating	   conventional	   electronics	   can	   keep	   a	  
product	   competitive	  with	   it’s	   rivals	   as	   the	   performance	   can	   still	   be	   kept	   high,	   but	  
with	  the	  advantages	  of	  printed	  electronics.	  	  
	  
	  
These	  comments	  show	  examples	  of	  the	  limitations	  of	  printed	  electronics	  technology:	  	  
	  
• “An	   inductor	   is	   actually	   a	   very	   difficult	   thing	   to	   actually	   print…the	   laws	   of	  
physics	   will	   not	   allow	   me	   to	   make	   an	   inductor	   which	   is	   very	   useful	   by	   a	  
printing	  method”	  Expert	  1	  	  
	  
• “We’ve	  got	  the	  same	  problem	  here,	  resistors…a	  resistor’s	  not	   just	  a	  resistor,	  
we	  need	  to	  define	   its,	   the	  resistance,	  the	  resistance	   itself…to	  print	  a	  resistor	  
that’s	  plus	  or	  minus	  1%	  is	  virtually	  impossible…we	  can	  print	  resistors	  now,	  but	  
they’re	  very	  very	  poor	  resistors…again	  we’re	  a	  dimension	  short	  here”	  Expert	  1	  	  
	  
Designers	   will	   need	   to	   be	   aware	   of	   the	   technology’s	   limits,	   this	   is	   necessary	   for	  
making	  an	   informed	  decision	  when	  deciding	  where	  or	  which	  part	  of	  a	  product	   the	  
technology	   would	   work	   best	   in,	   also	   which	   types	   of	   products	   to	   incorporate	   this	  
technology	  into.	  	  
	  
	  
• “The	   application	   I	   think	   is	   important	   to	   understand	  where	   it	   fits	   in	   the	   real	  
world”	  Expert	  1	  	  
	  
The	   designers	   will	   need	   to	   consider	   the	   application	   of	   this	   technology	   carefully,	  
where	  it	  will	  best	  fit	  into	  a	  product,	  what	  function	  does	  the	  product	  play,	  what	  type	  
of	  product	  would	  benefit	   from	   this	   technology,	  what	  product	  would	  best	  optimise	  
this	  technology,	  and	  does	  this	  technology	  complement	  the	  designed	  product.	  
	  
	  
The	  printed	  electronics	  experts’	   first	  reactions	  agreed	  with	  the	  content	  of	  both	  the	  
taxonomy	   of	   printed	   electronics	   and	   printed	   electronics	   TRL	   scale;	   therefore	  
confirming	  these	  two	  pieces	  of	   information	  as	  a	  knowledge	  framework	   in	  which	  to	  
work	  from.	  	  
	  
However,	  as	   the	   interviews	  progressed,	  more	  questions	  were	  raised	  as	  the	  experts	  
often	  went	  off	   topic	  and	  also	   tried	   to	  analyse	  or	  grade	  entire	  sections	  of	   the	   field,	  
rather	   than	   the	   task	   at	   hand	   (TRL	   grading	   an	   individual	   example),	   e.g.	   grading	  
‘resistors’	   rather	   than	   a	   specific	   example	   provided	   of	   a	   resistor.	   This	   resulted	   in	   a	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large	  variation	  of	  TRL	  numbers	  assigned	  to	  each	  of	  the	  printed	  electronics	  examples	  
in	  the	  task	  at	  the	  end,	  also	  a	  lot	  of	  them	  were	  not	  very	  confident	  answers	  from	  the	  
experts	  as	  they	  were	  very	  defensive	  and	  unsure	  when	  answering	  and	  assigning	  the	  
TRL	  numbers.	  Based	  on	  the	  outcomes	  from	  these	  interviews,	  the	  approach	  was	  not	  
conclusive.	  	  
	  
In	  order	   to	   check	  or	  prove	   the	  validity	  or	  accuracy	  of	   this	   information	  and	  how	   to	  
ultimately	   create	   a	   knowledge	   transfer	   of	   this	   technology	   to	   designers,	   a	   few	  
interviews	   need	   to	   follow	   in	   this	   research.	   The	   interviews	   being	   from	   a	   different	  
perspective,	  where	  printed	  electronics	   technology	  has	  been	   successfully	  presented	  
to	   designers	   before,	   to	   discover	   the	   approaches	   used	   to	   communicate	   the	  
technology	  to	  designers.	  
	  
5.3	  TRL	  grading	  taxonomy	  of	  printed	  electronics	  to	  
educate	  designers	  
	  
Due	   to	   the	  dynamic	   nature	  of	   this	   technology,	   over	   the	   years	   and	   its	   progress,	   its	  
taxonomy	  may	  change,	  and	  therefore	  so	  will	  the	  TRL	  numbers	  assigned.	  As	  this	  will	  
be	   the	   case,	   this	   Technology	   Readiness	   Level	   (TRL)	   graded	   taxonomy	   of	   printed	  
electronics	  potentially	   could	  be	  open	   to	   input	   from	  all,	   to	  keep	   the	  content	  up-­‐to-­‐
date.	   This	   TRL	   graded	   taxonomy	   of	   printed	   electronics	   could	   be	   an	   open	   access	  
document	  to	  make	  the	  changes,	  creating	  a	  digital	  database	  of	  this	  information,	  but	  a	  
gatekeeper	  would	  be	  required	  to	  check	  the	  background	  of	   individuals	  who	  want	  to	  
make	   changes	   or	   update	   this	   graded	   taxonomy	   to	   ensure	   that	   these	   updates	   are	  
coming	  from	  a	  reputable	  source	  and	  to	  monitor	  input.	  
	  
Within	  this	  research,	  the	  TRL	  graded	  taxonomy	  is	  likely	  to	  be	  incomplete	  due	  to	  the	  
scale	  of	  this	  task.	  
	  
The	  body	  of	  work	   for	   this	   taxonomy	   is	   located	   in	   the	  appendices	   (Appendix	  6:	  TRL	  
Grading	   Taxonomy	   of	   Printed	   Electronics	   (body	   of	   work)).	   The	   information	   is	  
displayed	   in	   the	   same	   order	   as	   the	   taxonomy	   diagram,	   throughout	   the	   whole	  
taxonomy;	  starting	  with	  the	  section	  (e.g.	  ‘Interconnect’),	  followed	  by	  the	  subsection	  
(e.g.	   ‘Conductive	   Inks’),	   then	   the	   manufacturing	   processes	   (e.g.	   Screen,	   Gravure,	  
Flexographic,	  Lithographic	  and	  Inkjet)	  in	  chronological	  order	  of	  when	  each	  was	  first	  
used	   in	   printed	   electronics	   (using	   the	   earliest	   published	   example).	   Within	   these	  
manufacturing	   processes,	   a	   range	   of	   up-­‐to-­‐date	   examples	   is	   given	   as	   evidence	   to	  
determine	  which	  technology	  readiness	  level	  (TRL)	  each	  process	  has	  reached.	  At	  the	  
start	  of	  each	  section	  the	  appropriate	  part	  of	  the	  taxonomy	  was	  presented	  for	  ease	  of	  
navigation,	  also	  within	  all	  the	  different	  sections,	  terminology	  is	  defined.	  	  
	  
To	  find	  the	  examples	  for	  the	  taxonomy,	  both	  for	  the	  historic/first	  published	  example	  
and	  also	  the	  up-­‐do-­‐date	  example,	  the	  research	  was	  ‘internet-­‐based	  research’;	  this	  is	  
a	  valuable	  source	  for	  this	  bibliographic	  type	  task,	  as	  it	  is	  a	  large	  pool	  of	  information	  
to	  find	  and	  gain	  access	  to	  previous	  research	  in	  both	  journals	  and	  other	  publications	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(Robson,	   2011,	   p.378).	   Content	   analysis	   of	   these	   documents/examples	   is	   then	  
undergone	   to	   determine	  which	   examples	   achieve	  which	   TRL	   numbers;	   judging	   the	  
examples	   against	   the	   printed	   electronics	   TRL	   scale,	   focusing	   on	   areas	   such	   as	   the	  
printing	  process	  used	  (if	  any	  –	  as	  it	  may	  have	  been	  created	  by	  hand	  or	  actually	  via	  an	  
industrial	   printing	   press),	   it’s	   reproducibility,	   if	   costing/economics	   has	   been	  
considered,	   if	  a	  demonstrator	  has	  been	  produced,	  volume	  produced	  in	  publication,	  
etc.	  	  
	  
Robson	  (Robson,	  2011,	  p.356)	  describes	  the	  advantages	  and	  disadvantages	  of	  using	  
content	  analysis	  (Table	  13):	  
	  
Table	  13	  -­‐	  Content	  Analysis:	  Advantages	  and	  Disadvantages	  
(Robson,	  2011,	  p.356)	  
Content	  Analysis	  
Advantages	   Disadvantages	  
• When	  based	  on	  existing	  documents,	  it	  
is	   unobtrusive.	   You	   can	   ‘observe’	  
without	  being	  observed.	  
• The	   data	   are	   in	   permanent	   form	   and	  
hence	   can	   be	   subject	   to	   re-­‐analysis,	  
allowing	   reliability	   checks	   and	  
replication	  studies.	  
• It	   may	   provide	   a	   low-­‐cost	   form	   of	  
longitudinal	   analysis	   when	   a	   run	   or	  
series	   of	   documents	   of	   a	   particular	  
type	  is	  available.	  
• The	   documents	   available	   may	   be	  
limited	  or	  partial.	  
• The	  documents	  have	  been	  written	  for	  
some	   purpose	   other	   than	   for	   the	  
research	   and	   it	   is	   difficult	   or	  
impossible	   to	   allow	   for	   the	   biases	   or	  
distortions	  that	  this	  introduces.	  
• It	   is	   very	   difficult	   to	   assess	   casual	  
relationships.	   Are	   the	   documents	  
causes	   of	   the	   social	   phenomena	   you	  
are	   interested	   in,	   or	   reflections	   of	  
them?	  
	  
	  
During	  this	  doctoral	  research,	  PrintoCent	  who	  have	  over	  300	  experts	  working	  in	  the	  
PrintoCent	  community,	  comprising	  of	  over	  40	  companies,	  start-­‐ups/business	  cases	  in	  
training/accelerator	   phase,	   universities	   and	   research	   institutes,	   released	   their	  
version	  of	  a	   ‘Designer’s	  Handbook’	  on	   ‘printed	  electronics	  and	  diagnostic	  products’	  
where	  they	  TRL	  graded	  a	  variety	  of	  printed	  electronic	  components	  (Practical	  Printed	  
Electronics,	   2015;	   Neficon	   and	   PrintoCent,	   2015).	   This	   ‘PrintoCent	   Designer’s	  
Handbook’	   was	   created	   specifically	   for	   industrial	   designers	   and	   aimed	   to	   inform	  
them	  about	  printed	  electronics,	  however	  when	  reading	  the	  handbook,	  it	  has	  a	  very	  
strong	  emphasis	  on	  the	  technological	  capabilities	  of	  the	  components,	  which	  makes	  it	  
obvious	   that	   it	   was	  written	   by	   technologists	   or	   electronic	   design	   engineers	   rather	  
than	  industrial	  designers.	  Whilst	  this	  handbook	  shows	  that	  people	  are	  trying	  to	  bring	  
together	  this	   information	  on	  printed	  electronics	  technology	  to	  provide	  a	  handbook	  
that	   accurately	   represents	   the	   current	   state	   of	   maturity	   of	   the	   technology	   with	  
regards	   to	   performance	   and	   functionality	   for	   industrial	   designers	   to	   use,	   no	   single	  
TRL	   assessment	   scale	   was	   established,	   therefore	   meaning	   that	   the	   results	   of	  
assessing/TRL	  grading	  the	  technology	   is	  weak	  due	  to	  no	  consistent	  TRL	  assessment	  
scale	  being	  used.	   It	  was	  also	  clear	   that	   the	   technology	  was	  assessed	  by	  a	   range	  of	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different	   individuals	   (due	   to	   the	   writing	   style	   varying	   greatly	   throughout	   the	  
document/handbook),	   and	   appearing	   to	   be	   that	   each	   company	   that	   produced	   a	  
specific	   element	   of	   the	   technology	   assessed	   it	   themselves,	   which	   weakens	   the	  
assessment	   results	   further	   as	   these	   results	   can	   be	   bias	   or	   inaccurate	   as	   it	   was	  
assessed	  by	   individuals	   involved	   in	   that	  particular	  area	  of	   the	  technology.	  This	  also	  
means	   that	   these	   TRL	   assessment	   results	   are	   inaccurate	   in	   relation	   to	   the	  
assessment	  or	  grading	  of	  all	  of	  the	  other	  elements/areas	  of	  the	  technology	  as	  they	  
were	   each	   carried	   out	   by	   a	   different	   person	  who	  may	   each	   of	   used	   a	   completely	  
different,	  or	  their	  own,	  assessment	  scale.	  This	  means	  that	  whilst	  a	  common	  language	  
(of	   ‘TRL’)	  may	  have	  been	  used	   to	  describe	   the	  maturity	  of	  different	  aspects	  of	   the	  
technology,	  because	  no	   single	  TRL	  assessment	   scale	  was	  established	   to	  be	  used	   in	  
this	   assessment	   process,	   everyone	   who	   assessed	   the	   technology	   may	   have	   been	  
using	   their	   own	   TRL	   assessment	   scale,	   therefore	   making	   the	   assessment	   results	  
weak.	   For	   this	   research,	   PrintoCent’s	   components	   and	   TRL’s	   assigned	   to	   those	  
components,	   along	  with	   information	  on	   the	  processes	  used	  and	  applications,	  have	  
been	  combined	  in	  a	  table	  (see	  Appendix	  7:	  Table	  of	  PrintoCent’s	  TRL	  graded	  printed	  
components)	  for	  comparison	  and	  ease	  of	  understanding.	  
These	  TRL’s	  assigned	  by	  the	  PrintoCent	  community	  will	  inform	  this	  research	  and	  the	  
TRL	  grading	  of	  the	  printed	  electronics	  taxonomy	  within	  this	  research.	  	  
PrintoCent’s	   TRL	   graded	   components	   helped	   to	   inform	   the	   TRL	   grading	   of	   this	  
research,	   along	   with	   the	   researcher’s	   original	   findings	   (Appendix	   6:	   TRL	   Grading	  
Taxonomy	   of	   Printed	   Electronics	   (body	   of	   work)),	   the	   ‘Taxonomy	   of	   Printed	  
Electronics’	  created	  within	  this	  research	  was	  TRL	  graded	  (Figure	  127).	  A	  traffic	   light	  
system	  was	  also	  used	  to	  show	  further	  which	  stages	  the	  technology	  had	  reached:	  Red	  
–	   In	  order	   to	   function,	  needs	  a	   fundamental	   element	   that	   is	  not	  printed;	  Amber	  –	  
Involves	  another	  process	  (post-­‐processing);	  Green	  –	  All	  fully	  printed.	  
Whilst	   the	   task	   to	  TRL	  grade	   the	  entire	   taxonomy	  of	  printed	  electronics	   remains	  a	  
work	   in	   progress,	   the	   TRL	   grading	   so	   far	   of	   the	   taxonomy	   of	   printed	   electronics	  
within	  this	  research	  provides	  a	  good	  framework	  for	  which	  to	  teach	  designers	  about	  
the	  technology.	  	  
	  
The	  doctoral	   researcher	  discussed	  the	  knowledge	  transfer	  of	  printed	  electronics	   to	  
industrial/product	  designers	  in	  journal	  publications	  and	  at	  conferences,	  through	  the	  
creation	  of	  a	   knowledge	   framework	   including	  approaches	   to	   technology	   readiness,	  
techniques	  used	  for	  printed	  electronics,	  and	  a	  taxonomy	  of	  printed	  electronics	  (York,	  
N.,	  et	  al.	  2015),	  also	  with	  regards	  to	   learning	  from	  previous	  projects	  where	  printed	  
electronics	   has	   been	   presented	   to	   designers,	   highlighting	   the	   importance	   of	  
designers	   being	   aware	   of	   technology	   that	   is	   still	   in	   research	   and	   development	   in	  
order	   to	  create	  designs	   for	   the	   future,	   therefore	  having	  a	   long-­‐term	  perspective	  of	  
the	   technology	   and	   its	   developments	   rather	   than	   having	   a	   limited	   view	   of	   the	  
technology	  as	  it	  is	  in	  the	  present	  (York,	  N.,	  et	  al.	  2016;	  York,	  N.,	  et	  al.	  2017).	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Figure	  127	  -­‐	  Taxonomy	  of	  Printed	  Electronics	  with	  Technology	  Readiness	  Level	  (TRL)	  
Grading	  
	  
5.3.1	  ‘Interconnect’	  section	  complete	  
	  
Even	   though	   the	   task	   of	   TRL	   grading	   the	   taxonomy	   of	   printed	   electronics	   is	  
incomplete,	   there	   is	  one	  section	   that	   the	   researcher	  has	  completed:	   ‘interconnect’	  
(Figure	   127).	   This	   means	   that	   this	   ‘interconnect’	   section	   can	   be	   used	   to	   educate	  
student	  designers	  about	  printed	  electronics	  technology,	  and	  provides	  a	  good	  start	  in	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designers	   learning	   about	   this	   technology,	   as	   the	   examples	   were	   judged	   in	   a	   non-­‐
biased	  way,	  purely	   judging	  them	  against	  the	  printed	  electronics	  TRL	  scale,	   focusing	  
on	  areas	  such	  as	  the	  printing	  process	  used	  (if	  any	  –	  as	  it	  may	  have	  been	  created	  by	  
hand	   or	   actually	   via	   an	   industrial	   printing	   press),	   it’s	   reproducibility,	   if	  
costing/economics	   has	   been	   considered,	   if	   a	   demonstrator	   has	   been	   produced,	  
volume	  produced	  in	  publication,	  etc.	  	  
	  
	  
5.3.2	   The	   disagreements	   around	   TRL	   systems	   and	   TRL	  
grading	  
	  
As	  identified	  in	  the	  interviews	  with	  printed	  electronics	  experts,	  and	  it	  is	  also	  evident	  
within	   the	   PrintoCent	   TRL	   graded	   components,	   the	   act	   of	   TRL	   grading	   printed	  
electronics	  is	  not	  an	  easy	  or	  simple	  task	  to	  undertake.	  This	  is	  as	  experts	  (whether	  or	  
not	   it	   is	   related	   to	   their	   background)	   all	   have	   completely	   different	   views	   on	   the	  
printed	  electronics	  information	  or	  examples	  presented	  to	  them,	  and	  there	  has	  been	  
a	   lot	  of	  uncertainty	  when	  assigning	  the	  TRL	  numbers,	  both	  in	  the	  interviews	  within	  
this	  research	  (5.2.9.7	  Experts	  TRL	  grading	  examples	  discussion	  (Q7),	  5.2.9.8	  Experts	  
TRL	  grading	  examples	  results,	  5.2.9.10	  The	  process	  of	  TRL	  grading	  the	  taxonomy	  for	  
this	  research),	  or	  in	  PrintoCent’s	  publication	  as	  a	  lot	  of	  the	  TRLs	  assigned	  are	  not	  just	  
one	   single	   level,	   but	   actually	   span	   over	   several	   levels	   e.g.	   ‘printed	   passive	  
components’	  that	  were	  screen	  printed	  was	  assigned	  TRL	  ‘7-­‐8’.	  	  
	  
The	  TRL	  system	  itself	  also	  seems	  to	  be	  an	  area	  of	  debate,	  as	  during	  the	  interviews	  in	  
this	   research,	   experts	   did	   not	   use	   the	   TRL	   system	   provided,	   they	   believed	   they	  
already	   knew	   about	   TRLs	   and	   therefore	   did	   not	   need	   to	   refer	   to	   the	   information	  
provided.	  Also	  in	  PrintoCent’s	  publication,	  at	  no	  point	  does	  it	  state	  the	  ‘TRL	  system	  
used’	  in	  which	  the	  printed	  electronic	  component	  examples	  are	  graded	  against.	  With	  
so	  many	   companies	   present	   in	   that	   publication,	   it	   appears	   that	   each	   company	   or	  
expert	  has	  TRL	  graded	  their	  technology	  themselves	  as	  the	  writing	  style	  alters	  greatly	  
for	   each	   sections	   throughout	   the	   publication.	   This	   could	   mean	   that	   each	  
expert/company	   TRL	   graded	   their	   technology	   according	   to	   their	   own	   TRL	   system,	  
which	  therefore	  makes	  these	  grading’s	  incorrect	  in	  relation	  to	  each	  other.	  	  
	  
It	  is	  possible	  for	  experts/companies	  to	  also	  ‘play	  up’	  their	  technology,	  by	  presenting	  
their	   technology	   as	   being	   more	   advanced	   than	   it	   actually	   is.	   For	   business	   this	   is	  
understandable	  as	   individuals	  want	  to	  sell	  their	  technology	  and	  they	  believe	  that	   it	  
does	  have	  high	  potential,	   so	   they	  may	  present	   their	   technology	  as	   the	   stage	  of	   its	  
highest	  potential	  or	  development,	  as	  opposed	  to	  its	  current	  state.	  It	  is	  also	  possible	  
for	   individuals	   to	   get	   slightly	   ahead	   of	   themselves	   with	   the	   abilities	   of	   their	  
technology	  through	  a	  couple	  of	  working	  prototypes,	  however	  the	  longevity	  of	  them	  
can	  cause	  issues,	  such	  as	  failing	  in	  a	  demonstration	  and	  so	  appearing	  not	  to	  deliver	  
their	  performance	  claims	  made.	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These	   issues	  make	   it	   difficult	   to	   create	   a	   singular	   unified	   TRL	   graded	   taxonomy	  of	  
printed	   electronics	   as	   it	   skews	   the	   data	   to	   an	   unrealistic	   level	   and	   therefore	   it	  
misleads	  readers	  towards	  unrealistic	  expectations	  of	  this	  technology.	  
	  
This	   complex	   task	   of	   TRL	   grading	   printed	   electronics	   technology	   is	   part	   of	   the	  
strategy	   to	   increase	   the	   impact	   of	   printed	   electronics	   on	   product	   design.	   This	  
strategy	  to	  raise	  designers’	  awareness	  of	  the	  technology	  may	  not	  have	  an	  immediate	  
effect,	  but	  the	  more	  that	  designers	  know	  about	  printed	  electronics,	  the	  more	  likely	  it	  
is	  to	  be	  designed	  with,	  so	  it	  may	  have	  more	  of	  an	  effect	  in	  the	  future.	  To	  increase	  the	  
impact	   of	   this	   technology	   in	   product	   design,	   further	   exploration	   is	   needed	   into	  
others’	   previous	   approaches	   in	   presenting	   printed	   electronics	   technology	   to	  
designers	  and	  their	  successes	  of	  this	  within	  their	  projects,	  this	  will	  take	  place	  in	  the	  
following	  chapter.	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6.0	   Educator	   and	   Industry	   interviews	   on	  
‘approaches’	   to	   the	   communication	   of	  
printed	   electronics	   technology	   to	  
designers	  
	  
	  
6.1	  Educator	  interviews	  	  
	  
There	  is	  currently	  a	  scarcity	  of	  people	  in	  industry	  and	  design	  education	  who	  have	  any	  
experience	  in	  presenting	  printed	  electronics	  technology	  to	  designers.	  There	  are	  also	  
very	   few	   case	   studies	   where	   this	   has	   been	   done.	   This	   inevitably	   limits	   access	   to	  
relevant	   information.	   It	   has	   also	   meant	   that	   my	   own	   research	   is	   based	   upon	  
interviews	  with	  the	  very	  few	  experts	  available.	  	  
	  
This	  section	  reports	  on	  the	  semi-­‐structured	  interviews	  that	  were	  carried	  out	  as	  part	  
of	   this	   research.	   The	   interviewees	   were	   two	   educators	   who	   have	   previously	  
communicated	  printed	  electronics	  technology	  to	  designers.	  The	  interviews	  aimed	  to	  
discuss	   the	   approaches	   they	   took,	   along	   with	   any	   new	   approaches	   that	   they	   felt	  
could	  be	  appropriate.	  These	  interviews	  with	  education	  experts	  who	  have	  experience	  
in	  presenting	  printed	  electronics	  technology	  to	  designers	  provided	  an	  opportunity	  to	  
discuss	  and	  identify	  their	  approaches.	  The	  outcomes	  of	  the	  interviews	  aim	  towards	  
defining	   new	   approaches	   for	   presenting	   the	   technology	   to	   designers	   to	   ensure	  
sufficient	  knowledge	  transfer.	  
	  
In	  the	  previous	  study	  (when	  interviewing	  printed	  electronics	  experts),	  as	  the	  ‘ethical	  
clearance	   checklist’	   (Appendix	   5.1:	   Ethical	   Clearance	   Checklist),	   ‘adult	   participant	  
information	   sheet’	   (Appendix	   5.2:	   Adult	   Participant	   Information	   Sheet),	   and	  
‘informed	  consent	   form’	   (Appendix	  5.3:	   Informed	  Consent	  Form)	  had	  already	  been	  
checked	  and	  approved	  by	  both	  PhD	  supervisors	  and	  Loughborough	  University	   (see	  
5.2	   Appraisal	   of	   TRL	   approach	   and	   taxonomy),	   and	   because	   the	   nature	   of	   the	  
interviews	  did	  not	  differ,	  these	  documents	  did	  not	  need	  rechecking	  and	  reapproving.	  
However,	  there	  was	  a	  slight	  difference	  between	  the	  previous	  study	  and	  this	  study,	  in	  
that	  in	  the	  previous	  study	  the	  interviews	  were	  recorded	  using	  both	  video	  and	  audio	  
recording	  equipment,	  but	  in	  this	  study	  only	  audio	  recording	  equipment	  is	  required	  as	  
in	   this	   study	   there	   are	   no	   documents	   that	   are	   being	   observed	   by	   the	   experts,	   so	  
therefore	  video	  recording	  equipment	  is	  not	  required	  to	  capture	  that	  information.	  As	  
this	  is	  a	  different	  study,	  the	  wording	  on	  the	  ‘adult	  participant	  information	  sheet’	  was	  
altered	  accordingly.	  
	  
The	   ‘adult	   participant	   information	   sheet’	   (Appendix	   8.1:	   Adult	   Participant	  
Information	   Sheet)	   and	   the	   ‘informed	   consent	   form’	   (Appendix	   5.3:	   Informed	  
Consent	  Form)	  was	  presented	  to	  the	  participants	  prior	  to	  the	  interviews	  to	  provide	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them	   with	   an	   understanding	   of	   what	   the	   study	   is	   about,	   inform	   them	   that	   the	  
interview	  will	  be	  recorded	  using	  audio	  recording	  equipment,	  what	  they	  will	  be	  asked	  
to	   do,	   etc.,	   (adult	   participant	   information	   sheet)	   and	   also	   if	   they	   are	   happy	   with	  
these	   interview	   conditions,	   that	   they	   can	   confirm	   to	   proceed	   with	   the	   interview	  
(informed	  consent	   form).	  The	  time	  duration	  of	  each	  semi-­‐structured	   interview	  was	  
one	  hour.	  
	  
6.1.1	  Previous	  approaches	  
	  
In	   the	   three	   case	   studies	   where	   printed	   electronics	   technology	   was	   presented	   to	  
industrial	   designers,	   as	   previously	   discussed:	   Case	   study	   1	   –	   ‘Design	   students	  
collaborate	  with	  industry	  innovators’	  from	  2013	  which	  had	  a	  focus	  on	  improving	  and	  
enhancing	   everyday	   consumer	   products;	   Case	   study	   2	   –	   ‘Enhancing	   Creativity	   and	  
Innovation	   in	   Packaging	   Design	   with	   Printed	   Electronics’	   from	   2014	   which	   had	   a	  
strong	  focus	  on	  designing	  metal	  packaging;	  and	  Case	  Study	  3	  –	   ‘Demonstrating	  the	  
Power	   of	   Large-­‐Area	   Electronics’	   from	   2015	   which	   had	   a	   broader	   approach	   with	  
designing	   across	   a	  wide	   range	   of	   products	   (see	   Section	   2.7	   Re-­‐analysing	   past	   case	  
studies	  –	  printed	  electronics	  previously	  presented	  to	  designers),	  printed	  electronics	  
experts	   worked	   very	   closely	   with	   designers	   to	   produce	   desirable	   new	   designs	   for	  
commercialisation.	   From	   the	   information	   published	   on	   the	   three	   case	   studies,	   it	  
appears	  that	  the	  printed	  electronics	  experts’	  advice	  combined	  with	  the	  presenting	  of	  
elements/examples	   of	   printed	   electronics	   that	   can	   already	   be	   produced,	   provided	  
the	  basis	   for	  communicating	  printed	  electronics	   technology	  to	  designers.	  However,	  
not	  only	  does	  this	  require	  considerable	  time	  from	  a	  printed	  electronics	  expert,	  which	  
may	  not	  be	  viable	   in	  many	  other	  projects	  or	  companies,	  but	  also	  this	  method	  only	  
provides	  designers	  with	  a	  very	  limited	  insight	  into	  the	  technology.	  	  
	  
Knowledge	   of	   which	   parts	   of	   the	   technology	   can	   currently	   be	   produced	   is	   clearly	  
valuable	   for	   present	   use	   in	   designs;	   however	   it	   does	   not	   provide	   a	   long-­‐term	  
perspective	  of	   the	   technology.	   In	  order	   to	   create	  designs	   for	   the	   future,	   designers	  
need	   to	   be	   aware	   of	   the	   ‘state	   of	   the	   art’	   of	   this	   technology:	   they	   need	   to	   be	  
provided	  with	  information	  on	  the	  areas	  of	  the	  technology	  which	  are	  still	  in	  research	  
and	   development	   so	   that	   when	   these	   areas	   have	   developed	   and	   are	   ready	   for	  
production,	   the	   designers	   will	   be	   ready	   to	   implement	   and	   incorporate	   them	   into	  
their	  designs.	  	  
	  
6.1.2	  Purpose	  	  
	  
The	  purpose	  of	  the	  interviews	  was	  to	  solicit	  the	  perceptions	  and	  opinions	  of	  experts	  
who	   have	   communicated	   printed	   electronics	   to	   designers,	   regarding	   accurate	  
knowledge	   transfer	   and	   communication	   of	   the	   technology	   for	   the	   education	   of	  
designers.	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6.1.3	  Aims	  
	  
The	  aims	  of	  the	  interviews	  are	  to:	  
• Identify	   approaches	   toward	   the	   communication	   of	   printed	   electronics	  
technology	  to	  designers	  	  
• Identify	   any	   barriers	   that	   might	   be	   encountered	   in	   the	   communication	   of	  
printed	  electronics	  technology	  to	  designers	  
• Assess	   expert	   opinion	   about	   different	   approaches	   and	   how	   impact	   can	   be	  
increased	   when	   presenting	   designers	   with	   printed	   electronics	   technology	  
within	  an	  educational	  environment	  
	  
The	  word	   ‘impact’	   in	   the	   context	   of	   these	   interviews	   refers	   to	   new	  approaches	   to	  
improve	  the	  understanding	  of	  printed	  electronics.	  	  
	  	  
6.1.4	  Sample	  size	  
	  
A	   small	   sample	   size	   of	   two	   participants	   is	   required	   for	   this	   study	   (Blessing,	   and	  
Chakrabarti,	   2009.	   p.	   275)	   as	   they	   are	   purposefully	   selected	   individuals	   (Creswell,	  
2014,	   p.	   189).	   The	   two	   educational	   experts	   were	   chosen	   for	   participation	   in	   this	  
research	   as	   they	   have	   each	   been	   involved	   in	   a	   project	   that	   presented	   printed	  
electronics	   technology	   to	   design	   students	   (see	   Section	   2.7	   Re-­‐analysing	   past	   case	  
studies	   –	   printed	   electronics	   previously	   presented	   to	   designers),	   but	   each	   from	   a	  
different	  level	  of	  education:	  second	  year	  undergraduate	  (this	  project	  had	  a	  broader	  
approach	   with	   designing	   across	   a	   wide	   range	   of	   products),	   and	   postgraduate	   at	  
Masters’	   level	   (this	  project	  had	  a	   strong	   focus	  on	  designing	  metal	  packaging).	  One	  
education	  expert	  from	  each	  project	  was	  interviewed.	  Their	  experience	  in	  educating	  
at	  different	   levels	  and	   their	   varied	  backgrounds	  adds	  depth	   to	   this	   study,	  with	   the	  
potential	   to	   highlight	   any	   differences	   in	   their	   approach	   when	   it	   came	   to	  
communicating	  printed	  electronics	  to	  design	  students.	  
	  
6.1.5	  Method	  and	  interview	  questions	  
	  
An	   interview	   should	   “provide	   a	   framework	   within	   which	   respondents	   can	   express	  
their	   own	   understandings	   in	   their	   own	   terms”	   (Blessing,	   and	   Chakrabarti,	   2009.	   p.	  
271).	   	   It	  should	  avoid	  common	  obstacles	  that	  occur	  in	  daily	  ordinary	  conversations,	  
such	   as	   miscommunication,	   lack	   of	   depth,	   lack	   of	   clarity	   in	   questions,	   lack	   of	  
direction	   in	   the	   dialogue,	   and	   interrupting	   the	   answers	   given	   (Blessing,	   and	  
Chakrabarti,	  2009.	  p.	  271).	  
	  
Sixteen	  main	  questions	  created	  the	  structure	  of	  the	  interview	  (Table	  14).	  These	  were	  
designed	  to	  discover	   information	  on	  topics	  that	  are	  yet	  unknown	  such	  as:	  how	  the	  
collaborative	   project	   was	   initiated,	   how	   it	   fitted	   into	   the	   student	   programme,	  
intended	   learning	   outcomes,	   student	   engagement,	   outputs,	   any	   barriers	  
encountered	   during	   the	   communication	   of	   printed	   electronics	   technology	   to	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designers,	  students	  queries,	  how	  translatable	  the	  topic	   is	   into	  educational	  content,	  
and	  the	  educator’s	  reflections	  and	  recommendations.	  	  
	  
Semi-­‐structured	   interviews	   offer	   a	   guide	   and	   direction	   for	   a	   topic	   conversation,	  
allowing	  for	  unplanned	  questions	  to	  follow	  up	  on	  what	  the	  interviewee	  is	  saying,	  and	  
offering	   flow	   to	   the	   interview	   (Robson,	   2011,	   p.	   280).	   They	   encourage	   the	  
interviewee	  to	  talk	  at	  some	  length	  about	  a	  topic	  in	  their	  own	  way,	  yet	  allow	  for	  the	  
interviewer	   to	  continue	  with	  prompts	   (to	  encourage	   the	   interviewee	  to	  answer,	   to	  
ensure	  they	  say	  as	  much	  as	  the	  can	  or	  wish	  to)	  and	  probes	  (to	  get	  the	  interviewee	  to	  
expand	  in	  detail,	  or	  to	  explain	  further)	  according	  to	  plan	  (Drever,	  2003,	  pp.10-­‐11).	  	  
	  
Table	  14	  –	  Educator	  expert	  interview	  questions	  and	  why	  each	  question	  was	  asked	  
Educator	  Expert	  Interview	  Questions	   Why	  each	  question	  was	  asked	  
Q1.	  How	  did	  the	  Education/Printed	  Electronics	  
collaboration	  come	  together?	  Did	  the	  printed	  
electronic	  researchers/companies	  contact	  YOU	  (the	  
educators)	  in	  the	  first	  instance?	  
To	  find	  out	  how	  the	  collaborative	  project	  
was	  initiated.	  
Q2.	  How	  did	  the	  Printed	  Electronics	  project	  fit	  in	  to	  
the	  student	  programme	  of	  study	  -­‐	  (Was	  it	  part	  of	  a	  
module?)	  (if	  yes,	  What	  had	  the	  project	  been	  for	  the	  
module	  in	  previous	  years?)	  
To	  find	  out	  how	  it	  fitted	  into	  the	  student	  
programme.	  
Q3.	  What	  were	  the	  design	  students’	  background	  
experiences	  prior	  to	  the	  printed	  electronics	  project?	  	  
To	  find	  out	  the	  students’	  background.	  
Q4.	  What	  were	  the	  intended	  learning	  outcomes	  of	  the	  
printed	  electronics	  project?	  
To	  find	  out	  the	  intended	  learning	  outcomes.	  
Q5.	  How	  did	  the	  design	  students	  engage	  with	  the	  
project?	  (Were	  students	  given	  a	  brief	  by	  you/the	  
researchers/both?)	  
To	  find	  out	  how	  the	  students	  were	  engaged	  
with	  the	  project.	  
Q6.	  What	  approaches/techniques	  were	  used	  in	  the	  
project	  to	  communicate	  printed	  electronics	  
technology	  to	  designers?	  	  
To	  find	  out	  the	  communication	  techniques	  
used.	  
Q7.	  What	  types	  of	  questions,	  if	  any,	  did	  the	  students	  
ask	  throughout	  the	  project?	  
To	  find	  out	  what	  the	  student	  queries	  were.	  
Q8.	  Were	  there	  any	  barriers	  encountered	  during	  the	  
communication	  of	  printed	  electronics	  technology	  to	  
designers?	  
To	  find	  out	  if	  there	  were	  any	  barriers	  
encountered	  when	  communicating	  this	  
technology	  to	  designers.	  
Q9.	  What	  were	  the	  outputs	  from	  the	  projects	  –	  
product	  designs,	  functional	  prototypes,	  concepts,	  
viable	  products?	  
To	  find	  out	  what	  the	  outputs	  of	  the	  projects	  
were.	  
Q10.	  As	  an	  educator,	  what	  are	  your	  reflections	  on	  the	  
printed	  electronics	  project	  in	  this	  educational	  
context?	  
To	  find	  out	  what	  the	  educator	  expert’s	  
reflections	  were	  on	  the	  project.	  
Q11.	  At	  the	  end	  of	  the	  printed	  electronics	  project,	  did	  
the	  design	  students	  fill	  out	  any	  feedback	  forms	  (did	  
you	  record	  any	  feedback/comments	  from	  them)?	  
(What	  were	  the	  students’	  experiences	  of	  the	  printed	  
electronics	  project?)	  	  
To	  find	  out	  about	  the	  students’	  experience	  
of	  the	  project,	  through	  comments	  or	  
feedback.	  
Q12.	  What	  were	  the	  overall	  intended	  outcomes	  from	  
the	  printed	  electronics	  project	  from	  both	  the	  
researcher’s/companies’	  perspective	  and	  the	  
educator’s	  perspective?	  	  
To	  find	  out	  the	  overall	  intended	  outcomes	  of	  
the	  project	  from	  the	  perspective	  of	  the	  
company/researcher	  and	  the	  educator.	  
Q13.	  Do	  you	  feel	  that	  projects	  like	  this	  translate	  well	  
into	  an	  educational	  content?	  
To	  find	  out	  whether	  the	  educator	  expert	  felt	  
that	  the	  project	  and	  ones	  like	  it	  would	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translate	  well	  into	  educational	  content.	  
Q14.	  Are	  there	  any	  aspects	  about	  the	  education	  of	  
designers	  on	  printed	  electronics	  that	  you	  feel	  have	  
not	  been	  covered	  in	  this	  interview?	  	  
To	  find	  out	  whether	  the	  educator	  expert	  felt	  
that	  there	  were	  any	  aspects	  of	  the	  project	  
that	  had	  not	  been	  covered	  in	  the	  interview.	  
Q15.	  Are	  there	  any	  questions	  you	  would	  like	  to	  ask?	  	   To	  provide	  the	  opportunity	  for	  the	  educator	  
expert	  to	  ask	  questions.	  
Q16.	  With	  your	  experiences,	  in	  relation	  to	  my	  
research,	  is	  there	  anything	  else	  that	  you	  would	  like	  to	  
add?	  
To	  provide	  the	  opportunity,	  and	  to	  find	  out	  
whether	  the	  educator	  expert	  would	  like	  to	  
add	  anything	  else	  in	  relation	  to	  the	  research,	  
or	  provide	  any	  recommendations	  etc.	  	  
	  
	  
6.1.6	  Options,	  advantages,	  and	  limitations	  of	  qualitative	  
data	  collection	  	  
	  
The	  qualitative	   face-­‐to-­‐face	   interviews	  are	   the	   chosen	  data	   collection	   type	   for	   this	  
study;	  the	  interviews	  were	  comprised	  of	  open-­‐ended	  questions	  that	  were	  intended	  
to	  “elicit	   views	  and	  opinions	   from	   the	  participants”	   (Creswell,	   2014,	   p.	   190),	   these	  
were	  semi-­‐structured	  interviews.	  The	  advantages	  of	  this	  data	  collection	  type	  are	  that	  
it	  is	  useful	  when	  the	  participants’	  project	  cannot	  be	  directly	  observed,	  and	  it	  allows	  
the	   researcher	   control	   over	   the	   line	   of	   questioning.	   The	   limitations	   are	   that	   the	  
researcher’s	  presence	  may	  bias	  responses,	   it	  provides	   indirect	   information	  that	  has	  
been	   filtered	   through	   the	   views	   of	   the	   interviewees,	   it	   provides	   information	   in	   a	  
designated	  place	  rather	  than	  the	  natural	  field	  setting,	  and	  not	  all	  people	  are	  equally	  
articulate	  and	  perceptive	  (Creswell,	  2014,	  p.	  191).	  	  
	  
6.1.7	  Codes	  and	  categories	  relating	  to	  theory	  
	  
Before	  the	   interviews,	  potential	  codes	  and	  categories	  were	  explored	  and	  how	  they	  
could	  relate	  to	  theory.	  Within	  some	  of	  the	  categories,	  subcategories	  may	  be	  used	  for	  
further	   refinement	   when	   clustering	   the	   coded	   data.	   When	   these	   categories	   are	  
compared,	   the	  data	  can	  progress	   toward	  the	  theoretical,	  conceptual,	  and	  thematic	  
(Saldaña,	   2013.	   p.12);	   this	   process	  of	   coding	  usually	   follows	   a	   streamlined	   scheme	  
(See	  Figure	  117).	  
	  
This	  model	  can	  be	  useful,	  even	  if	  it	  is	  not	  directly	  used	  in	  the	  overall	  analysis,	  as	  “pre-­‐
established	   sociological	   theories	   can	   inform,	   if	   not	   drive,	   the	   initial	   coding	   process	  
itself”	   (Saldaña,	  2013.	  p.13).	  A	  code-­‐to-­‐theory	  model	  was	  created	   for	   this	   research	  
(Figure	  128).	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Figure	  128	  -­‐	  Code-­‐to-­‐Theory	  Model	  (Educational	  Experts)	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6.1.8	  Education	  experts	  -­‐	  background	  of	  participants	  	  
	  
Two	  education	   ‘experts’	   (Dreyfus,	  H.L.,	   et	   al.,	   1986)	  were	   interviewed	   (see	  Section	  
5.2.7	   Definition	   of	   an	   expert).	   Separately,	   they	  were	   each	   involved	   in	   two	   of	   only	  
three	  case	   studies	  published	   to	  date	   (as	  discussed	   in	  Section	  2.7	  Re-­‐analysing	  past	  
case	  studies	  –	  printed	  electronics	  previously	  presented	  to	  designers),	  and	  therefore	  
were	  chosen	  for	  this	  study.	  Their	  identities	  have	  been	  kept	  anonymous,	  and	  a	  brief	  
and	  vague	  description	  of	  their	  background	  for	  the	  same	  purpose:	  
	  
Education	  Expert	  from	  Case	  Study	  2	  (EECS2):	  	  
Programme	   Director	   for	   MSc	   Integrated	   Product	   Design,	   EECS2	   has	   25	   years	  
experience	  in	  design	  and	  branding,	  and	  has	  worked	  in	  both	  design	  consultancy	  and	  
higher	   education.	   Expert’s	   qualifications	   include	   BA	   with	   distinction	   in	   Product	  
design	  and	  PG	  Certificate	  in	  Learning	  and	  Teaching	  in	  Higher	  Education.	  
	  
Education	  Expert	  from	  Case	  Study	  3	  (EECS3):	  	  
Design-­‐led	   strategist	   and	   Design	   Leader	   [Stage	   2	   Leader/2nd	   year	   Lecturer]	   for	   BA	  
(Hons)	  Product	  Design	  Course,	  EECS3	  has	  17	  years	  experience	  in	  consultancy	  practice	  
and	   in-­‐house	   corporate	   teams.	   Expert’s	   qualifications	   include	  Bachelor	  of	  Arts	   and	  
Foundation	  Course	  in	  Art	  and	  Design.	  	  
	  
	  
6.1.9	  Interview	  data	  analysis	  
	  
In	  the	  data	  analysis	  of	  the	  educational	  experts’	   interviews,	  a	  prefixed	  code	  name	  is	  
applied:	   ‘EECS’	  which	   stands	   for	   ‘Educational	  Expert	   from	  Case	  Study’,	   followed	  by	  
the	   case	   study	   number	   they	   were	   involved	   in	   ‘2’	   or	   ‘3’.	   This	   acronym	   helps	   to	  
distinguish	   between	   the	   educational	   experts’	   feedback	   when	   discussing	   and	  
describing	   results.	   A	   transcription	   of	   each	   interview	   (see	   Appendix	   8.2:	   Interview	  
with	   ‘EECS2’	   on	   9th	   November	   2015,	   Appendix	   8.3:	   Interview	  with	   ‘EECS3’	   on	   26th	  
January	  2016)	  was	  created	   in	  Microsoft	  Word.	  These	  were	  then	  imported	   into	  QSR	  
International	  NVivo10	  to	  code	  and	  analyse	  the	  data.	  
	  
To	   start	   the	   analysis,	   a	   word	   frequency	   query	   was	   used	   to	   find	   out	   the	   most	  
frequently	  used	  words	  throughout	  the	  interviews	  (Figure	  129).	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Figure	  129	  -­‐	  Word	  frequency	  query	  –	  Word	  cloud	  
	  
The	  interviews	  were	  then	  coded	  with	  eight	  main	  codes	  (some	  containing	  sub	  codes),	  
or	   as	   called	   in	  NVivo	   ‘nodes’,	   that	   relate	   to	   the	   reactions	   from	   the	   experts	   to	   the	  
questions	   asked.	   There	   is	   a	   focus	   on	   the	   expert’s	   reactions	   as	   this	   approach	   takes	  
into	  consideration	  the	   individual’s	   tone	  of	  voice	  and	  body	   language,	  as	  well	  as	   just	  
the	  words	  that	  are	  spoken.	  These	  reactions	  were	  (in	  no	  particular	  order):	  	  
	  
1. Defensive	  Response	  
Ø Self	  doubt	  or	  clarity	  of	  what	  they	  were	  saying	  
Ø Not	  knowing	  the	  answer	  
Ø Not	  knowing	  how	  to	  deal	  with	  a	  situation	  
Ø To	  end	  a	  line	  of	  thought	  /	  discussion	  /	  topic	  of	  conversation	  abruptly	  
2. Intended	  outcomes	  of	  project	  
3. Learning	  outcomes	  for	  design	  students	  
4. Negative	  
Ø General	  Conversation	  	  
Ø In	  relation	  to	  industry	  /	  company	  involved	  
Ø The	  project	  as	  a	  whole	  
Ø In	  relation	  to	  students	  
5. New	  information	  brought	  forward	  
Ø What	  client	  wanted	  
Ø Education	  enlightening	  industry	  
Ø Students’	  background	  
Ø Industry	  point	  of	  view	  
Ø Printed	  electronics	  technology	  
Ø Students’	  response	  to	  the	  project	  
Ø Education	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Ø How	  project	  was	  initiated	  /	  what	  happened	  before	  the	  project	  began	  
Ø For	  interviewer’s	  research	  
Ø Other	  /	  General	  conversation	  
6. Positive	  
Ø General	  Conversation	  
Ø In	  relation	  to	  industry	  /	  company	  involved	  
Ø The	  project	  as	  a	  whole	  
Ø In	  relation	  to	  students	  
7. Query	  
Ø Querying	  the	  interviewer’s	  knowledge	  
Ø To	   confirm	   the	   interview	   question	   or	   if	   they	   were	   answering	   the	  
question	  that	  had	  been	  asked	  
Ø Queries	  from	  students	  (during	  project)	  
Ø Queries	   from	   industry	   /	   company	   /	   technology	   experts	   (during	  
project)	  
Ø Query	  from	  educator’s	  perspective	  from	  within	  the	  project	  
Ø Querying	  interviewer’s	  research	  
8. What	  students	  received	  and	  are	  expected	  to	  do	  
	  
	  
	  
A	   ‘Tree	  Map’	  was	  used	   to	  analyse	   these	   ‘nodes’	   in	   terms	  of	   the	  number	  of	   coding	  
references;	  this	  was	  effective	  in	  showing	  which	  areas	  were	  most	  talked	  about	  (Figure	  
130).	  	  The	  ‘items’	  from	  the	  number	  of	  items	  coded	  refers	  to	  how	  many	  interviews	  it	  
was	  present	  in,	  so	  in	  this	  case,	  all	  the	  codes	  were	  discussed	  in	  both	  interviews,	  and	  
the	   least	   discussed	   topic/code	   was	   the	   ‘learning	   outcomes	   for	   design	   students’	  
throughout	  both	  interviews.	  
	  
	  
	  
Figure	  130	  -­‐	  Tree	  Map	  of	  'Nodes'	  in	  all	  Educator	  Interviews	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These	   ‘nodes’	   were	   then	   analysed	   in	   relation	   to	   each	   question	   that	   was	   asked,	  
resulting	  in	  the	  coding	  references	  count	  for	  each.	  Responses/answers	  for	  all	  sixteen	  
questions	  are	  displayed	  below	  (Table	  15).	  Please	  refer	  back	  to	  Table	  14	  to	  read	  the	  
sixteen	  questions	  asked	  in	  this	  educator	  interview.	  	  
	  
Table	  15	  -­‐	  Answers	  to	  all	  16	  questions	  in	  educator	  interviews	  
	  
Defensive	  
Response	  
Intended	  
Outcomes	  
of	  Project	  
Learning	  
Outcomes	  
for	  Design	  
Students	  
Negative	   New	  information	   Positive	   Query	  
What	  
students	  
receive	  and	  
are	  
expected	  to	  
do	  
Q1	   0	   3	   0	   0	   1	   1	   0	   0	  
Q2	   2	   2	   1	   0	   2	   1	   1	   0	  
Q3	   3	   0	   0	   0	   5	   0	   1	   1	  
Q4	   1	   3	   3	   0	   4	   1	   1	   4	  
Q5	   0	   0	   0	   1	   10	   4	   1	   7	  
Q6	   1	   0	   0	   6	   6	   7	   0	   3	  
Q7	   3	   0	   0	   6	   11	   3	   0	   0	  
Q8	   0	   0	   0	   5	   14	   5	   6	   3	  
Q9	   2	   3	   0	   0	   6	   1	   2	   2	  
Q10	   0	   0	   1	   1	   5	   3	   0	   1	  
Q11	   5	   3	   1	   7	   9	   6	   2	   3	  
Q12	   2	   6	   0	   1	   3	   0	   0	   0	  
Q13	   2	   0	   0	   0	   3	   4	   1	   0	  
Q14	   1	   0	   0	   4	   4	   1	   2	   1	  
Q15	   0	   0	   0	   1	   7	   2	   7	   0	  
Q16	   0	   0	   0	   0	   6	   0	   2	   0	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Using	   this	   data	   (Table	   15),	   a	   two-­‐dimensional	   histogram	   (Figure	   131)	  was	   created	  
using	   NVivo.	   As	   this	   was	   ‘bivariate	   data’	   (data	   involving	   or	   depending	   on	   two	  
variables),	  a	  two-­‐dimensional	  histogram	  offered	  a	  solution	  for	  displaying	  all	  the	  data	  
needed	  (Everitt,	  et	  al.	  2001.	  pp.	  14-­‐15).	  
	  
	  
Figure	  131	  –	  Two-­‐dimensional	  Histogram	  -­‐	  Answers	  to	  all	  16	  questions	  in	  Educator	  
Interviews	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To	   further	   analyse	   and	   to	   represent	   this	   data	   (Table	   15)	   more	   clearly	   for	   this	  
research,	   a	   modified	   version	   of	   the	   cluster	   analysis	   method	   ‘multidimensional	  
scaling’	   or	   ‘MDS’	   (Everitt,	   et	   al.	   2001.	   pp.	   30-­‐33)	   has	   been	   created	   (Figure	   132).	  
Closed	   circular	   boundaries	   are	   used	   to	   directly	   represent	   the	   number	   of	   codes	  
present	   in	   each	   interview	   question.	   For	   example,	   in	   question	   8	   (Q8)	   a	   total	   of	   33	  
codes	  were	  present,	   therefore	   the	  circle’s	  width	  and	  height	   for	   that	  question	  both	  
measure	   33mm.	   A	   pie	   chart	   is	   then	   created	   within	   this	   circle	   to	   represent	   the	  
number	  of	   codes	   for	   each	   area.	   This	  method	  of	   clustering	   and	  displaying	   the	  data	  
allows	  for	  an	  easy-­‐to-­‐read	  representation	  of	  the	  results	  from	  the	  interview	  questions	  
with	  experts.	  An	  overall	  boundary	  represents	  the	  total	  number	  of	  codes	  (266	  codes)	  
in	  the	  interviews	  with	  educator	  experts.	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Figure	  132	  –	  Results	  from	  Interview	  Questions	  with	  Educator	  Experts	  –	  Visual	  
Coding/Clustering	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The	   interviews	   produced	   key	   results	  with	   ‘new	   information	   experts	   bring	   forward’	  
dominating	   the	   data.	   Questions	   8	   and	   11	   prompted	   the	   greatest	   number	   of	  
responses	  (Figure	  132),	  and	  the	  majority	  of	  these	  responses	  were	  ‘new	  information’.	  
These	   were	   in	   response	   to	   barriers	   encountered	   during	   the	   communication	   of	  
printed	  electronics	  technology	  to	  designers	  (Q8)	  and	  the	  students’	  feedback	  on	  the	  
project	  and	  the	  students’	  experiences	  of	  the	  printed	  electronics	  project	  (Q11).	  
	  
	  
The	  number	  of	  sub	  codes	  references	  were	  compared	  using	  bar	  charts	  to	  display	  the	  
information	   clearly	   for	   the	   main	   codes	   (those	   that	   contain	   sub	   codes):	   Defensive	  
Response	  (Figure	  133),	  Negative	  (Figure	  134),	  New	  information	  (Figure	  135),	  Positive	  
(Figure	  136),	  and	  Query	  (Figure	  137).	  
	  
	  
Figure	  133	  -­‐	  'Defensive	  Response'	  sub	  codes	  comparison	  (total	  of	  22	  coded	  
references)	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Figure	  134	  -­‐	  'Negative'	  sub	  codes	  comparison	  (total	  of	  32	  coded	  references)	  
	  
	  
Figure	  135	  -­‐	  'New	  information'	  sub	  codes	  comparison	  (total	  of	  96	  coded	  references)	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Figure	  136	  -­‐	  'Positive'	  sub	  codes	  comparison	  (total	  of	  39	  coded	  references)	  
	  
	  
Figure	  137	  -­‐	  'Query'	  sub	  codes	  comparison	  (total	  of	  26	  coded	  references)	  
	  
The	   results	   from	   the	   sub	   codes	   revealed	   that	   the	   most	   discussed	   topic	   for	   both	  
positive	  and	  negative	  codes	  was	  in	  relation	  to	  students,	  which	  overall	  is	  a	  successful	  
result,	  as	  it	  shows	  that	  within	  design	  education,	  the	  students	  appear	  to	  be	  what	  the	  
educators	  are	   focussing	  on	   the	  most.	  The	  number	  of	  positive	   responses	  outweighs	  
the	  negatives,	  which	  illustrates	  the	  educators’	  overall	  impression	  and	  feelings	  of	  the	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project.	  The	  majority	  of	  the	  defensive	  responses	  from	  the	  educator	  experts	  were	  to	  
end	  a	  line	  of	  thought	  /	  discussion	  /	  topic	  of	  conversation	  abruptly,	  although	  some	  of	  
these	  throughout	  the	  interviews	  were	  in	  order	  to	  keep	  the	  conversation	  on	  topic	  and	  
to	  summarise	  their	  thoughts.	  The	  topic	  that	  dominated	  the	  new	  information	  brought	  
forward	   by	   the	   education	   experts	   was	   education,	   and	   the	   second	  most	   discussed	  
topic	  was	  the	  students’	  responses	  to	  the	  project;	  this	  is	  a	  result	  of	  crucial	  importance	  
as	   it	  provides	  rich	  data	  for	  this	  research	  on	  the	  key	  areas	  required.	  The	  majority	  of	  
the	  educator	  experts’	  queries	  were	  in	  relation	  to	  the	  interviewer’s	  research	  and	  how	  
it	  may	  evolve	  in	  the	  future,	  which	  demonstrates	  their	  interest	  in	  the	  research	  topic.	  	  
	  
	  
6.1.9.1	   Initiation	   of	   collaboration	   and	   project	   integration	   into	  
the	  student	  programme	  
	  
The	   educational	   experts	   were	   asked	   how	   the	   education/printed	   electronics	  
collaboration	   came	   together,	   and	   whether	   the	   printed	   electronics	  
researchers/companies	  contacted	  the	  educators	  in	  the	  first	  instance.	  The	  responses	  
were	   varied;	   EECS2	   discussed	   how	   there	   was	   already	   an	   established	   relationship	  
between	   the	   company	   and	   the	   university	   and	   stated:	   “it’s	   rare	   that	   companies	  
approach	  us	   completely	  out	  of	   the	  blue”.	  EECS3	   said	   that	   industry	   approached	   the	  
university	  wanting	   to	  solve	  a	  problem,	   they	  needed	  help	   to	  amend	  their	  particular	  
approach.	  They	  needed	  designers	  to	  “help	  them	  amend	  the	  product	  that	  they	  have	  
created,	   to	  be	  able	  to	  make	  strong	  connections	  between	  the	  technology	  businesses	  
and,	  in	  theory,	  the	  vertical	  markets	  that	  exist	  out	  there”	  EECS3.	  So	  how	  collaboration	  
with	  industry	  is	  initiated	  appears	  to	  be	  largely	  reliant	  on	  what	  industry	  wants,	  if	  they	  
are	  actively	  seeking	  out	  a	  solution,	  or	  if	  they	  are	  willing	  to	  participate	  if	  they	  receive	  
a	  selection	  of	  design	  concepts/outputs	  for	  their	  company.	  	  	  
	  
The	  educational	  experts	  were	  asked	  how	  the	  printed	  electronics	  project	   fitted	   into	  
the	   student	   programme	   of	   study,	   and	   if	   so,	   what	   the	   project	   had	   been	   for	   the	  
module	   in	   previous	   years.	   EECS2	   explained	   how	   the	   project	   fitted	   into	   a	   module	  
called	   ‘Professional	   Design	   Studio’	   that	   is	   part	   of	   the	   masters’	   course,	   where	   the	  
students	  learn	  about	  “creative	  thinking	  and	  background	  research	  around	  adopting	  a	  
new	   technology,	   for	   applications	   that	   both	   have	   a	   commercial	   potential,	   but	   also	  
obviously	  a	  user	  benefit	  potential	  as	  well”.	  EECS3	  refers	  to	  the	  project	  being	  part	  of	  a	  
particular	   unit	   of	   the	   undergraduate	   student	   study,	   which	   “focuses	   upon	   the	   user	  
experiences	   and	   behaviours”.	   The	   masters’	   level	   approach	   appears	   to	   be	   very	  
specifically	  focused	  towards	  a	  commercial	  application	  and	  user	  benefit,	  whereas	  the	  
second	   year	   undergraduate	   approach	   had	   a	   much	   wider	   topic	   being	   on	   the	   user	  
experiences	  and	  behaviours.	  In	  both	  cases	  where	  the	  project	  fitted	  into	  the	  student	  
programme	  of	   study,	   the	  particular	  module/unit	   remains	   flexible	   to	   accommodate	  
for	  a	  new	  project	  with	  industry	  each	  year.	  As	  the	  brief	  from	  industry	  is	  specific	  to	  the	  
project	  that	  year,	   from	  an	  educational	  point	  of	  view,	   in	  order	  to	  provide	  structure,	  
learning	  outcomes	  are	  established.	  The	  intended	  outcomes	  of	  the	  project	  needed	  to	  
benefit	  both	  the	  students	  and	  industry	  to	  make	  the	  collaboration	  worthwhile.	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6.1.9.2	   Students’	   Background	   and	   technological	   content	   of	  
design	  courses	  
	  
The	  background	  experiences	  of	  the	  design	  students	  prior	  to	  the	  project	  were	  varied	  
in	   both	   projects	  with	   EECS2	   explaining	   that	   “they’re	   all	   people	   that	   are	   doing	   the	  
course	   because	   they	   have	   got	   a	   strong	   interest	   and	   some	   skills	   that	   they	   can	  
demonstrate	  in	  product	  and	  industrial	  design”,	  and	  EECS3	  said	  that	  “they	  came	  from	  
a	   variety	   of	   different	   backgrounds,	   some	   that	   had	   done	   foundation	   courses,	   some	  
were	   school	   leavers,	   some	   were	   a	   few	   more	   mature	   students	   as	   well…It’s	   very	  
difficult	  to	  say	  where	  individual	  backgrounds	  are,	  and	  if	  there	  was	  any	  pattern,	  there	  
wasn’t	   any	   pattern	   to	   it	   at	   all”.	   In	   relation	   to	   this,	   with	   no	   existing	   requirements	  
needed	   from	   the	   students	   to	   have	   any	   technical	   knowledge/background	   before	  
starting	  either	  course,	  when	   the	  educational	  experts	  were	  asked	   if	   there	  were	  any	  
aspects	   about	   the	  education	  of	  designers	  on	  printed	  electronics	   that	   they	   felt	   had	  
not	  been	  covered	  in	  the	  interview,	  they	  both	  brought	  up	  the	  potential	  need	  for	  more	  
technical	  content	  within	  the	  courses.	  	  
	  
EECS2	   discussed	   the	   technical	   content	   in	   higher	   education,	   saying	   that	   “both	   at	  
[University	   Name]	   and	   [University	   Name]	   our	   design	   students,	   as	   part	   of	   their	  
education,	  get	  a	  good	  grounding	  in	  understanding	  technology	  and	  being	  able	  to	  work	  
with	   engineers	   and	   professionals	   that	   have	   technologies”	   multidisciplinary	  
collaborations	   such	   as	   this	   has	   been	   a	   much	   discussed	   subject	   by	   EECS2,	   and	   as	  
stated	   earlier	   in	   the	   interview,	   it	   may	   be	   the	   future	   way	   forward.	   Continuing	   the	  
conversation,	  EECS2	  discusses	  that	  “if	  you	  look	  at	  all	  of	  the	  design	  courses	  that	  there	  
are	  in	  the	  country	  on	  UCAS,	  [University	  Name]	  and	  [University	  Name]	  will	  stand	  out	  
as	  two	  courses	  that	  have	  a	  substantial	  technological	  content	  within	  their	  courses.	  So	  
the	  other	  95%	  don’t	  have	  that	  technological	  content	  and	  I	  think	  that	   is	  an	   issue	  for	  
design	  education	  overall”	  EECS2	  here	  makes	  an	   interesting	  point:	  whilst	   it	  may	  not	  
evidently	  be	  essential	  for	  design	  courses	  to	  contain	  substantial	  technological	  content	  
and	   its	  application	  to	  design	  now,	   in	   the	   future	  with	  many	  technological	  advances,	  
this	   may	   be	   an	   area	   that	   needs	   to	   change	   in	   order	   to	   keep	   design	   students	   and	  
graduates	  up	  to	  date,	  and	  of	  an	  acceptable	  standard	  for	  industry.	  This	  is	  not	  only	  in	  
having	  knowledge	  about	  a	  technology,	  but	  also	  to	  know	  how	  to	  apply	  it	  in	  designs.	  	  
	  
EECS3	   questioned	   the	   technological	   content	   of	   their	   design	   course,	   wondering	  
“whether	   or	   not	   our	   curriculum	   provides	   the	   students	   with	   enough	   electronics	  
understanding	  to	  maximise	  their	  ability	  to	  realise	  the	  solutions”	  and	  said	  that	   if	  the	  
designers	   had	   a	   strong	   background	   in	   electronics	   that	   “then	   they	   could	   probably	  
have	  made	  something	  more	  amazing”.	  However,	  on	   reflection	  EECS3	   stated	   that	   if	  
this	   was	   the	   case,	   then	   it	   would	   require	   the	   designers	   to	   be	   “masters	   of	   two	  
particular	   skills:	   electronic	   engineering,	   and	   user	   centred	   design	   process;	   and	   in	  
reality,	   we’re	   not	   teaching	   electronic	   engineering”;	   and	   that	   for	   their	   particular	  
printed	   electronics	   project,	   it	   would	   have	   been	   the	   perfect	   project	   for	   somebody	  
who	   already	   had	   a	   background	   “in	   engineering,	   and	   then	   decided	   they	  wanted	   to	  
become	   a	   designer”	   but	   with	   their	   course,	   it	   attracts	   people	   who	   want	   to	   be	  
designers,	  and	  therefore	  may	  not	  have	  that	  ‘technical	  background’.	  For	  students	  that	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had	  not	  studied	  a	  science	  subject	  prior	  to	  the	  project,	  EECS3	  said	  that	  these	  students	  
were	   “a	   little	   bit	   overwhelmed”	   by	   the	   project	   and	   they	   kept	   saying	   “but	   I	   don’t	  
understand	  it,	  I	  don’t	  understand	  it”;	  to	  overcome	  the	  students	  being	  overwhelmed,	  
EECS3	   would	   say	   to	   them	   “it	   doesn’t	  matter	   about	   understanding	   the	   technology,	  
what	  matters	  is	  that	  you	  understand	  the	  benefits	  of	  the	  technology.	  What	  can	  it	  do	  
for	   someone?	   And	   that’s	   your	   responsibility	   to	   find	   the	   scenarios	   and	   find	   if	   those	  
technologies	  can	  do	  something”.	  	  
	  
	  
6.1.9.3	   Approaches	   and	   techniques	   used	   to	   communicate	  
printed	  electronics	  technology	  	  
	  
The	  educational	  experts	  were	  asked	  about	   the	  approaches	  and	   techniques	  used	   in	  
their	  projects	  to	  communicate	  printed	  electronics	  technology	  to	  the	  design	  students.	  	  
	  
For	  EECS2	   the	  students	  were	  initially	  asked	  to	  undertake	  a	  “small	  additional	  aspect	  
of	  .	  .	  .	  secondary	  research	  or	  literature	  review	  [as]	  students	  would	  always	  be	  expected	  
to	  do	  further	  background	  research”.	  The	  second	  part	  of	  the	  approach	  was	  visiting	  “.	  .	  
.	  CPI	  [the	  partnering	  company]	  and	  seeing	  available	  techniques	  etc.	  first	  hand”.	  	  
	  
For	   EECS3	  the	  approach,	  similarly,	  was	  based	  on	  the	  willingness	  of	  the	  company	  to	  
share	   their	   technology,	   and	   EECS3	   stated	   that	   the	   company	   were	   “very	   good	   at	  
telling	   us	   these	   amazing	   things	   printing	   technology	   did”.	   Although	   the	  method	   of	  
communication	  was	   not	   explained	   in	   the	   interview,	   it	   was	   clear	   that	   visuals	   were	  
involved,	   as	   one	   particular	   technological	   example	   caught	   the	   students’	   eye,	  which	  
had	  the	  ability	  to	  print	  in	  three	  dimensions.	  EECS3	  described	  this	  process	  to	  print	  in	  
three	   dimensions	   as	   being:	   “basically	   a	   drum	   .	   .	   .	   not	   only	   could	   it	   go	   round	   the	  
outside	  and	  print,	  but	   it	  could	  also	  go	  on	  the	   inside,	  print	   inside	  something.	  So	  you	  
could	  have	   like	  at	   least	  a	  hemisphere	   that	  had	   technology	  printed	   inside	   it”.	  When	  
the	   company’s	   technologists	   conveyed	   to	   the	   students	   that	   they	   were	   not	  
enthusiastic	  about	  the	  potential	  applications	  of	  this	  technology,	  this	  then	  provided	  a	  
challenge	   to	   the	   design	   students	   to	   consider	   new	   ideas	   or	   design	   concepts	   that	  
considered	   “why	   would	   you	   need	   technology	   printed	   inside	   something?”.	   Another	  
part	  of	   the	  approach	  was	   the	  offer	  of	   close	   communication	  with	   the	   technologists	  
from	  the	  companies:	  they	  were	  happy	  to	  come	  in	  to	  meet	  the	  students	  and	  set	  up	  
Skype	  calls	  so	  that	  the	  students	  could	  ask	  them	  questions	  throughout	  the	  process	  in	  
relation	   to	   their	   student	   projects.	   However,	   the	   students	   felt	   uncomfortable	  
contacting	   the	   technologists	   about	   anything	   other	   than	   the	   technology’s	  
technological	  aspects	  and	  they	  “didn’t	  think	  it	  was	  useful	  to	  them”	  and	  tended	  to	  ask	  
their	  educator	  questions	  instead.	  	  
	  
EECS3	   noted	   that	   prior	   to	   the	   start	   of	   the	  project,	   brainstorming	  discussions	  were	  
held	   with	   the	   technologists/companies,	   EECS3	   used	   this	   information	   to	   create	   a	  
document	   to	   share	   with	   all	   the	   students.	   It	   contained	   links	   to	   websites	   of	   the	  
companies	   and	   images	   related	   to	   their	   particular	   technologies,	   and	   also	   a	   SWOT	  
analysis	  of	  each	  technology.	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6.1.9.4	  Student	  engagement	  
	  
The	  educational	  experts	  were	  asked	  how	  the	  design	  students	  were	  engaged	  with	  the	  
project,	   so	   if	   the	   students	   were	   given	   a	   brief	   by	   the	   educators/companies,	   or	  
researchers,	  or	  both.	  EECS2	  said	  that	  it	  was	  run	  as	  a	  student	  competition	  with	  cash	  
prizes	   involved,	   although	  what	  was	   also	   arranged	  which	  was	  much	  more	   valuable	  
was	  an	  “overnight	  trip	  to	  CPI	  and	  to	  get	  much	  more	  in-­‐depth	  briefing	  on	  the	  sorts	  of	  
printed	  electronic	  technologies	  that	  they	  are	  exploring	  and	  have	  got	  samples	  of	  etc.”,	  
this	  was	  important	   in	  the	  student	  engagement	  with	  the	  project	  as	  EECS2	  explained	  
that	  it	  provided	  the	  students	  with	  “the	  ‘real	  world’	  context,	  so	  it’s	  not	  just	  some	  sort	  
of	  completely	  academic	  exercise	  with	  no	  real	  hint	  or	  prospect	  of	  actual	  application”,	  
and	   that	   to	  engage	  students	   it	  needs	   to	  be	  a	   lot	  more	   than	   just	   saying	  “here’s	   the	  
information”.	   EECS2	   also	   discussed	   positive	   points	   about	   the	   project	   and	   student	  
engagement,	   that	   by	   working	   with	   external	   organisation	   it	   is	   possible	   to	   “directly	  
engage	   the	   students	   through	   the	  exposure	   to	   that	   ‘real	  world’	   situation…	  so	   that’s	  
really	  useful	  to	  sort	  of	  see	  things	  ‘first	  hand’,	  again	  in	  a	  proper	  commercial	  industrial	  
setting”.	  EECS2	  discussed	  the	  cash	  incentive	  and	  said	  that	  it	  “is	  nice	  to	  have,	  but	  it’s	  
not	   essential…I	   think	   the	   students	  would	  be	   engaged	  anyway”	   as	   the	   students	   are	  
engaged	  and	  interested	  in	  the	  project	  regardless.	  
	  
To	  help	  engage	  the	  students	  EECS3	   identified	  a	  method	  to	  help	  the	  students	  to	  be	  
less	  overwhelmed	  by	  the	  client’s	  brief,	  by	  putting	  the	  students	  into	  groups	  and	  giving	  
them	  one	   vertical	   (market/sector)	   to	   originally	   design	   for,	   designed	   to	   “simply	   get	  
them	  to	  start”	  as	   the	  brief	  was	  simply	  “design	  us	  a	  box”	  which	  would	  not	  give	   the	  
students	  the	  outcomes	  needed	  for	  their	  course.	  By	  giving	  the	  students	  a	  vertical	  to	  
aim	   for,	   the	   designers	   could	   say	   to	   themselves	   “I’m	   designing	   technology	   for	   the	  
medical	  sector,	  what	  does	  medical	  sector	  expect?	  Or	  what	  are	  the	  restraints	  of	   the	  
sector?	   What	   are	   the	   issues	   I	   have	   to	   address	   immediately?”	   EECS3	   said	   that	   it	  
“allowed	   the	   students	   to	  have	  a	  contextual	  understanding	  of	   the	   restraints	   in	   their	  
projects”.	  The	  students	  needed	  to	  be	  able	  to	  “really	  get	  to	  grips	  with	  the	  brief	  and	  
understand	  how	  to	  manipulate	  that	  brief	  to	  make	  it	  better	  for	  the	  client”,	  so	  rather	  
than	  the	  students	  thinking	  “so	  you	  want	  me	  to	  design	  a	  box	  of	  technology?”,	  EECS3	  
said	   that	   their	   task	   was	   to	   understand	   “why	   do	   they	   need	   a	   box	   of	   technology?	  
What’s	  the	  purpose	  of	  that	  box	  of	  technology?	  Who	  are	  they	  targeting	  with	  that	  box	  
of	   technology?	  And	  what	  could	  you	  design	  to	  make	  the	  story	  about	  the	  technology	  
really	   really	   compelling	   for	   their	   potential	   clients?”.	   By	   using	   these	   newly	   posed	  
questions,	   the	   students	  understood	  what	  was	  being	   asked	  of	   them,	   and	  how	   they	  
could	  fulfil	  the	  brief.	  	  
	  
	  
6.1.9.5	  Outputs	  from	  the	  projects	  
	  
The	  educational	  experts	  were	  asked	  what	  the	  outputs	  from	  the	  projects	  were,	  such	  
as	  product	  designs,	  functional	  prototypes,	  concepts,	  and	  viable	  products.	  To	  answer	  
this	  question,	  EECS2	  began	  with	  the	  intended	  outcome	  of	  the	  project	  “the	  project	  is	  
about	   the	   creative	   ideas	   about	   the	   applications	   of	   the	   technology”.	   The	   project	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outputs	  were	   then	  viewed	   from	  Crown	  packaging’s	  perspective	   “Crown	  packaging,	  
what	   it	   came	   down	   to	   was	   concept	   ideas	   and	   the	   students	   were	   encouraged	   to,	  
through	  the	  process	  that	  we	  went	  through	  internally,	  and	  we	  also	  involved	  Crown	  in	  
an	  interim	  review	  of	  ideas	  to	  help	  filter	  the	  ideas	  down,	  because	  then	  ultimately	  the	  
students	  were	  presenting	  to	  Crown	  an	  idea	  as	  a	  team,	  and	  then	  that	  idea	  was	  then	  
brought	  to	   life	  and	  communicated	  through	  CAD	  visuals,	  photomontages,	  any	  range	  
of	  techniques”.	  EECS2	  also	  produced	  a	  challenge/query	  “the	  first	  idea	  about	  printed	  
electronics,	   you	   might	   sort	   of	   think	   printed	   electronics,	   well	   it’s	   all	   about	   those	  
technical	  constraints	  and	  design	  around	  printed	  electronics	  is	  ‘how	  do	  you	  overcome	  
some	   of	   those	   technical	   constraints	   at	   a	   technical	   level?’.”.	   Related	   to	   the	   specific	  
project	  with	  Crown	  packaging,	  EECS2	  explained	  that	  in	  this	  case	  “with	  this	  particular	  
Crown	  project,	  the	  technical	  constraints	  are	  part	  of	  the	  project”.	  	  
	  
However	  EECS2	  said	  that	  more	  recently,	  as	  the	  Crown	  project	  was	  about	  two	  years	  
ago,	  that	  now	  they	  would	  consider	  video	  as	  a	  method	  of	  communication	  “we	  didn’t	  
actually	  use	  video,	  I	  mean	  I	  suppose	  we	  could	  have	  done,	  and	  that	  could	  have	  been	  
quite	   interesting…I	   think	  we	  would	  probably	  also	   think	  about	  video	  communication	  
as	   a	   helpful	   means	   of	   communicating	   ideas,	   and	   obviously	   what	   the	   ideas,	   to	  
communicate	  what	  the	  overall	  idea	  is,	  but	  obviously	  what	  it’s	  also	  got	  to	  do	  is	  it’s	  got	  
to	   provide	   some	   validation	   of	   the	   technical	   concepts,	   the	   user	   benefits	   concept	   as	  
well	  as	  the	  commercial	  concept	  as	  well,	  so	  it’s	  combining	  a	  number	  of	  aspects”.	  
	  
EECS3	   explained	   that	   the	   companies	   definitely	   wanted	   a	   prototype	   as	   the	   final	  
output,	  but	  that	  with	  the	  timescale	  and	  the	  fact	  that	  a	  university	  is	  not	  a	  technology	  
developer,	   that	   this	   was	   not	   achievable,	   and	   that	   they	   would	   need	   to	   pay	   a	  
development	   company	   to	   make	   the	   chosen	   students	   designs	   ‘happen’.	   The	   final	  
output	   was	   “a	   fairly	   well	   developed	   product	   idea”	   that	   included	   three	   boards	   of	  
concepts,	  a	  final	  hero	  shot,	  a	  storyboard,	  the	  research	  material,	  and	  a	  CAD	  model;	  in	  
addition	  to	  this,	  a	  video	  presentation	  was	  also	  optional.	  	  
	  
	  
6.1.9.6	  Comparison	  of	  key	  aspects	  of	  both	  projects	  
	  
Following	   the	   two	   interviews	   with	   educational	   experts,	   their	   views	   have	   been	  
compared	   in	   relation	   to	   key	   aspects	   of	   each	   project	   (see	   Appendix	   9:	   Comparison	  
table	   of	   interviewees’	   views	   in	   relation	   to	   key	   aspects	   of	   the	   projects).	   The	  
information	   gathered	   in	   this	   table	   provides	   a	   large	   insight,	   with	   much	   more	  
information	   than	   what	   was	   published	   about	   these	   projects.	   This	   table	   can	   be	  
compared	  with	  the	  comparison	  table	  of	  the	  ‘criteria	  comparison	  of	  case	  studies’	  as	  
created	  previously	  within	  this	  research	  (Table	  5).	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6.1.9.7	  Educator’s	  reflections	  
	  
The	  educational	  experts	  were	  asked	  what	  their	  reflections	  were,	  as	  an	  educator,	  on	  
the	  printed	  electronics	  project	  in	  the	  educational	  context.	  EECS2	  discusses	  valuable	  
learning	   outcomes	   of	   the	   project	   “the	   opportunity	   to	   visit	   CPI…giving	   the	   students	  
the	  opportunity	   to	  see	   first-­‐hand	   in	  a	  very	   real	  way,	   the	   technologies	   that	   they	  are	  
using,	   or	   the	   situation	   that	   they	   are	   designing	   for,	   so	   that	  was	   valuable”,	   and	   the	  
positive	  areas	  of	   the	  project	  being	   “I	   think	   it’s	   always	  good	   to	  have	   these	  projects	  
working	  in	  collaboration	  with	  industry…the	  opportunity	  to	  be	  actively	  working	  with	  a	  
company	  on	  a	  project	  with	  those	  component	  elements:	  that’s	   interesting”.	  Areas	  of	  
interest	   from	  a	  design	  educators’	  perspective	  were	  “the	   idea	   that	  we	  can	  see	   that	  
these	   technologies	   are	   starting	   to	   become	   quite	   important	   and	   quite	   interesting	  
areas	   for	   designers	   to	   be	   working	   in,	   and	   that’s	   always	   interesting	   as	   a	   design	  
educator,	   to	   be	   early	   on	   in	   the	   exploration	   of	   a	   particular	   topic.	   Whether	   it’s	   a	  
technical	   topic	   or	   a	   contextual	   topic	   of	   some	   other	   sort”.	   So	   projects	   such	   as	   this	  
appear	  to	  not	  only	  hold	  interest	  for	  the	  companies	  involved,	  and	  educating	  students	  
about	  a	  new	  technology,	  but	  also	  keeps	  the	  educators	  interested	  with	  the	  variety	  of	  
projects	  throughout	  the	  years	  and	  to	  learn	  about	  a	  new	  technology	  themselves.	  This	  
interest	   from	   the	   educators	   in	   these	   different	   projects	   can	   also	   have	   a	   positive	  
longer-­‐term	  effect,	   as	   the	  educators	   can	   then	  pass	  on	   this	   knowledge	   (in	   this	   case	  
about	  printed	  electronics	  technology)	  to	  the	  next	  year	  of	  students	  and	  so	  on.	  
	  
On	  reflection	  of	  the	  project	  EECS3	  said	  that	  even	  though	  the	  brief	  was	  complicated	  
and	  really	  difficult	  for	  the	  students	  to	  engage	  with,	  as	  the	  brief	  was	  “we	  want	  to	  find	  
a	  reason	  for	  this	  technology”	  which	  was	  such	  an	  open	  brief,	  after	  EECS3	  had	  spent	  
some	  time	  with	  the	  students	  on	  the	  brief,	  then	  they	  understood	  it.	  EECS3	  said	  that	  
after	  reflection	  “I	  would	  probably	  change	  the	  way	  I	  approached	  a	  technology	  product	  
again,	  but	   if	  we	  were	  to	  run	  a	  similar	  one	  again,	   I	  would	  probably	  alter	   it	  slightly”,	  
however	  EECS3	   did	   not	   state	   how	   it	  would	   be	   changed	   for	   use	   in	   future	   projects.	  
EECS3’s	  overall	   reflections	  about	  the	  project	  was	  “I	   think	   it	  was	  the	  hardest	  one	  to	  
brief,	   but	   as	  with,	   quite	   often,	   the	   toughest	   challenges	   bring	   out	   the	   best	   results”,	  
and	  that	  projects	  like	  this	  have	  a	  positive	  result	  as	  “it	  showed	  how	  technology	  is	  not	  
a	  goal	  in	  itself,	  and	  I	  think	  it	  really	  gave	  the	  students	  the	  ability	  to	  understand	  that	  a	  
user	  centred	  design	  process	  really	  helps	  you	  have	  an	  advantage	  in	  a	  business,	  to	  be	  
able	  to	  see	  outside	  the	  business	  and	  drive	  design	  as	  the	  initiator	  of	  a	  series	  of	  parts	  of	  
the	  business	   come	   together	   to	  deliver	   technical	   solutions”.	   So	  projects	   such	  as	   this	  
can	  also	  have	  a	  positive	  longer-­‐term	  effect	  not	  only	  for	  the	  students	  and	  potentially	  
their	   employability	   (by	   the	   students	   showing	   that	   they	   understand	   how	   a	   user	  
centred	   design	   process	   can	   have	   an	   advantage	   in	   a	   business),	   but	   also	   for	  
business/industry	  by	  employing	  better-­‐informed	  designers	  who	  can	  deliver	  technical	  
solutions.	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6.1.9.8	  Translating	  projects	  into	  educational	  content	  	  
	  
The	  educational	  experts	  were	  asked	  if	  they	  felt	  that	  projects	  like	  this	  translated	  well	  
into	  an	  educational	   content.	  EECS2	   responded	  very	  positively	  when	  answering	   this	  
question	   “yeah,	  absolutely,	   yeah”	   and	  also	   stated	   that	   “there	   is	   a	  huge	  amount	  of	  
interest	   in	   what’s	   known	   as	   concepts	   such	   as	   ‘project	   based	   learning’	   or	   ‘flipped	  
classroom’…higher	   education	   as	   a	   whole	   is	   needing	   to	   re-­‐think	   how	   it	   delivers	  
teaching	   and	   learning,	   and	   the	   project-­‐based	   format	   for	   teaching	   and	   learning	   is	  
incredibly	   beneficial.	   So	   if	   we’re	   going	   to	   learn	   about	   new	   technology	   in	   a	   higher	  
education	  context,	  doing	  it	  in	  this	  sort	  of	  project-­‐based	  way,	  I	  think	  is	  very	  useful	  and	  
probably	   that	   is	   the	   future	  of	  a	   lot	  of	  education,	  a	   lot	  of	  higher	  education”.	  Whilst	  
EECS2	  was	  very	  positive	  about	  project	  based	  learning,	  and	  says	  that	  it	  is	  the	  future	  of	  
higher	  education,	   it	   is	  not	  always	  the	  answer	  as	   it	  has	  so	  many	  factors	  to	  consider,	  
such	  as	  which	  companies	  want	  to	  be	  involved	  and	  are	  prepared	  to	  dedicate	  time	  to	  
presenting	   to	   students	   and	  evaluation	  of	   student’s	   designs.	  Also	   another	  potential	  
factor	   is	   down	   to	   the	   educators’	   existing	   contacts	   as	   EECS2	   said	   that	   this	  
collaboration	  was	  possible	  as	  there	  were	  established	  relationships	  already	  in	  place.	  	  
	  
EECS3	  responded	  with	  “I	  suppose	  it	  depends	  on	  the	  educational	  establishment”	  and	  
said	   that	   it	   had	   the	   potential	   to	   be	   a	   very	   technical	   project,	   which	   some	   of	   the	  
students	   may	   have	   enjoyed	   beginning	   prototyping	   with	   PCBs	   and	   showing	   how	  
something	   would	   work	   in	   a	   product	   solution;	   however,	   they	   (EECS3	   and	   others)	  
wanted	   to	  “broaden	   the	  approach	  of	   students	   to	  have	  a	  wider	  view	  of	  how	  design	  
impacts	   upon	   business”.	   This	   broader	   approach	   allowed	   the	   project	   to	   have	   a	  
positive	  effect,	  resulting	  in	  it	  being	  a	  “very	  good	  project,	  and	  very	  enjoyable”	  for	  the	  
majority	  of	  the	  students.	  
	  
	  
6.1.9.9	  Suggested	  educational	  models	  
	  
When	   discussing	   appropriate	   educational	   models	   for	   design	   education,	   EECS2	  
suggests	   MOOCs,	   when	   querying:	   “can	   MOOCs	   be	   a	   part	   of	   how	   people	   get	   the	  
knowledge	  part	  of	  understanding	  technology?	  And	  how	  does	  MOOCs	  fit	   in	  to	  these	  
sorts	   of	   things?”	   EECS2	   stated	   that	   their	   favourite	   model	   for	   education	   is	   Kolb’s	  
experiential	  learning	  model:	  “the	  other	  thing	  which	  I	  like	  about	  the	  Kolb	  experiential	  
learning	  model	   is	   the	   idea	   that	   you	   can,	   onto	   that	   you	   can	   plot	   different	   people’s	  
learning	   styles	   and	   I	   think	   that	   that’s	   something	   that	   people	   barely	   discuss”	   also	  
discussed	  was	  the	  importance	  of	  these	  different	  learning	  styles	  and	  how	  “we’ve	  got	  
to	  work	   in	  more	  multidisciplinary	  ways,	   so	  we’ve	  got	   to	  have	  better	   recognition	  of	  
learning	  styles,	  somewhere	  within	  your	  model”.	  	  
	  
However,	   following	   these	  statements	  about	  Kolb’s	  experiential	   learning	  model	  and	  
different	  learning	  styles,	  EECS2	  added	  “but,	  mind	  you,	  having	  said	  that,	  the	  way	  that	  
education	  works	   in	  this	  country	   is	  that	  you	  end	  up	  with,	   in	  particular	  subject	  areas,	  
you	  end	  up	  with	  similar	  minded	  people,	  so	  in	  design	  you	  would	  end	  up	  with	  a	  whole	  
bunch	   of	   people	   that	   are	   similarly	   ‘right-­‐brained’	   in	   their	   approach	   etc.,	   but	   that’s	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probably	  not	  the	  future”.	  This	  statement	  highlights	  that	  Kolb’s	  experiential	   learning	  
model	   is	   not	   necessarily	   useful	   for	   educating	   a	   group	   of	   designers,	   but	   could	   be	  
useful	   when	   educating	   across	   a	   range	   of	   disciplines.	   When	   studying	   Kolb’s	  
experiential	   learning	  model	   (Figure	   37),	   and	   looking	  more	   closely	   at	   this	  model	   in	  
relation	  to	  careers	  (Figure	  38),	  an	  issue	  arises.	  The	  issue	  being	  that	  when	  linking	  this	  
model	  to	  professions/careers,	  a	  product/industrial	  designer	  does	  not	  seem	  to	  fit	  well	  
into	  this	  model.	  There	  are	  two	  strands	  in	  which	  a	  product/industrial	  designer	  would	  
sit	   between	   which	   are	   under	   ‘IV.	   Technology’	   with	   more	   of	   a	  
technological/engineering	  emphasis	  (in	  the	  ‘convergent	  learning’	  part	  of	  the	  model),	  
and	   ‘VIII.	   Arts	   &	   Entertainment’	   which	   includes	   ‘designers’	   (in	   the	   ‘divergent	  
learning’	   part	   of	   the	   model)	   although	   this	   is	   a	   progression	   from	   ‘stagehand’	   to	  
‘artist’,	  so	  both	  of	  these	  are	  in	  great	  contrast	  to	  each	  other	  and	  are	  not	  in	  the	  correct	  
context	  for	  a	  product/industrial	  designer.	  
	  
	  
MOOCs	   was	   another	   educational	   topic	   discussed	   by	   EECS2,	   it	   stands	   for	   ‘Massive	  
Open	  Online	  Courses’,	  MOOCs	  began	  in	  the	  late	  1990s	  and	  the	  early	  2000s,	  with	  the	  
term	   coined	   in	   2008.	   MOOCs	   consist	   of	   a	   wide	   variety	   of	   both	   free	   and	   charged	  
courses,	  and	  the	  technology	  for	  MOOC	  is	  “based	  on	  simple	  open	  Internet	  platforms.	  
Most	  MOOCs	  are	  delivered	  through	  online	  videos”	  they	  claim	  the	  difference	  between	  
a	  simple	  educational	  video	  and	  MOOCs	   is	   that	  “MOOCs	  usually	  have	  some	  form	  of	  
assessment”.	  One	   assessment	  method	   is	   through	   completing	  multiple	   choice	   tests	  
and	   quizzes;	   another	   method	   is	   peer	   assessment.	   However,	   due	   to	   thousands	   of	  
students	  who	  sign	  up	  to	  the	  courses,	  it	  is	  not	  practical	  for	  the	  grading	  to	  be	  done	  by	  
the	   instructor,	   so	   “peer	   assessment	   helps	   alleviate	   that	   problem.	   But	   peer	  
assessment	   is	   not	   without	   controversy.	   There	   are	   questions	   about	   the	   quality	   of	  
grading	  and	  how	  helpful	   it	   really	   is”	   and	  people	  have	  also	  doubted	  MOOCs	   saying	  
“they	   will	   never	   live	   up	   to	   their	   hype”	   (Degreed	   Inc.,	   2015).	   A	   few	   summarised	  
critiques	  are	  of	  particular	  interest:	  	  
	  
“Cheating	   is	   endemic	   and	   no	   viable	   solution	   has	   yet	   proven	   to	   be	  
effective…No	  reliable	  way	  of	  measuring	  what	   students	   learned	  exist.	  People	  
question	  the	  real	  value-­‐added	  for	  these	  courses…MOOCs	  threaten	  the	  current	  
model	  of	  higher	  education	  in	  a	  negative	  way.	  Contrary	  to	  their	  claims,	  the	  for-­‐
profit	   model	   inevitably	   leads	   to	   charging	   fees	   for	   specific	   services	   that	   will	  
price	  more	  and	  more	  students	  out	  the	  market…MOOCs	  threaten	  academia	  by	  
reducing	  the	  need	  for	  new	  professors	  and	  downsizing	  of	  the	  university	   in	  an	  
already	   tough	   job	  market	   for	   young	   academics…MOOCs	   also	   challenge	   the	  
model	   of	   universal	   public	   education.	   If	   people	   can	   obtain	   an	   education	  
through	   private	   sources,	   then	   it	   undermines	   that	   model	   that	   secondary	  
education	  should	  be	  made	  available	  to	  all	  at	  a	  reasonable	  price.	  While	  there	  
are	  substantial	  problems	  with	  the	  status	  quo,	  relying	  on	  private	  MOOCs	  will	  
only	  exacerbate	  the	  problems	  of	  access,	  if	  not	  make	  it	  worse”	  (Degreed	  Inc.,	  
2015).	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With	  such	  high	  levels	  of	  doubt	  and	  negativity	  around	  MOOCs	  in	  both	  the	  education	  
and	  assessment	  of	  students,	  it	  does	  not	  seem	  a	  viable	  option	  to	  consider	  within	  this	  
research.	  
	  
	  
6.1.9.10	  Further	  comments	  related	  to	  research	  	  
	  
The	  educational	  experts	  were	  asked	  with	  their	  experiences,	  in	  relation	  to	  this	  printed	  
electronics	   research,	   if	   there	  was	  anything	  else	   that	   they	  would	   like	   to	  add.	  EECS2	  
suggested	  thinking	  about	  the	  impact	  of	  the	  research	  beyond	  the	  doctorial	  research,	  
and	  the	  concept	  of	   ‘diffusion	  of	   innovation’:	  “the	  diffusion	  of	   innovation	  concept	   is	  
basically	  exploring	  how,	  with	  innovation	  how	  does	  a	  piece	  of	  innovative	  activity	  get	  
out	  into	  the	  market,	  and	  how	  does	  it	  get	  diffused	  into	  the	  market	  and	  what	  does	  the	  
success	   look	   like?...the	  diffusion	  of	   research,	   links	   it	   to	   the	  diffusion	  of	   innovation”.	  
The	   translation	   of	   this	   research	   on	   printed	   electronics	   technology	   into	   an	  
educational	   source	   or	   educational	   content	   can	   then	   be	   diffused	   through	   higher	  
education	  and/or	  an	  online	  resource.	  With	  this	  put	   in	  place,	  whilst	   it	  may	  not	  have	  
an	  immediate	  effect	  as	  it	  takes	  time	  to	  learn	  about	  a	  new	  technology	  and	  for	  it	  to	  be	  
implemented	  in	  designs	  (as	  it	  needs	  designers	  to	  know	  about	  the	  technology	  enough	  
to	  design	  with	   it,	  and	   then	  a	  company	   to	  also	  believe	   in	   the	   technology	  and	   those	  
designs	  to	  manufacture	  and	  market	  it),	   it	  has	  the	  potential	  for	  a	  longer-­‐term	  effect	  
for	  designers	  to	  become	  aware	  of	  the	  technology,	  with	  a	  basic	  understanding	  of	  it,	  to	  
begin	   designing	   with	   it.	   Within	   this	   setting,	   the	   designers	   and	   their	   designs	   are	  
therefore	  the	  diffusion	  of	  innovation	  as	  they	  are	  translating	  this	  technology	  into	  new	  
product	  designs,	  which	  are	  then	  diffused	  into	  the	  market.	  Measuring	  the	  ‘success’	  of	  
this	  diffusion	  into	  the	  market	  could	  be	  a	  multifaceted	  discussion,	  as	  it	  could	  be	  seen	  
as	  the	  fact	  the	  designs	  have	  reached	  the	  market	  and	  are	  available	  to	  buy,	  it	  could	  be	  
how	  many	   are	   sold	   and	   if	   those	   designed	   products	   are	   profitable,	   or	   it	   could	   be	  
simply	   that	   designers	   have	  begun	   to	  design	  with	   the	   technology	   and	   their	   designs	  
can	  inspire	  future	  designs/products.	  
	  
EECS3	  was	   interested	   in	  the	  definition	  of	  key	  terminology	  within	  this	  research:	  “I’d	  
be	  interested	  with,	  for	  you	  to	  try	  to	  articulate	  what	  a	  product	  is	  now…what	  a	  product	  
is	  in	  this	  current	  environment…for	  you	  to	  add	  ‘what	  is	  a	  product	  designer?’	  that	  your	  
therefore	  then	  trying	  to	  change	  the	  terminology	  of	  to	  communicate	  better	  with	  those	  
product	  designers…whether	  or	  not	  you	  can	  define	  what	  ‘product	  designers’	  are”,	  this	  
was	  an	  area	  that	  EECS3	  was	  particularly	  interested	  in	  themselves	  and	  said	  they	  had	  
been	   thinking	   about	   it	   for	   years	   the	   differences	   between	   ‘physical’	   and	   ‘digital’	  
products,	   and	   what	   career	   title	   people	   assign	   themselves.	   It	   was	   discussed	   that	  
people	   often	   give	   themselves	   the	   title	   of	   ‘product	   designer’	   when	   they	   are	   not	  
designing	   physical	   products	   such	   as	   a	   chair,	   but	   instead	   they	   are	   designing	   apps.	  
EECS3	  also	  discusses	  how	  they	  “suspect	  somebody	  developing	  a	  digital	  product	  won’t	  
have	   as	  many	   issues	   as	   a	   physical	   product,	  when	   you	   talk	   about	   technology.	   They	  
tend	   to	  have	  come	   from	  more	  of	  a	   computing	  background	  anyway.	  Kind	  of,	  at	   the	  
moment,	   being	   ‘tech-­‐y’	   goes	   with	   the	   territory”,	   this	   is	   an	   interesting	   view	   point	  
thinking	  about	  the	  digital/computing	  perspective,	  but	  also	  another	  perspective	  could	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be	  from	  an	  electronics	  (PCB)	  designer	  with	  both	  the	  digital	  CAD	  side	  and	  hardware	  
design	  side,	  or	  an	  electronics	  engineer.	  With	  so	  many	  different	  titles	  and	  disciplines,	  
and	  so	  many	  based	  purely	   in	  electronics,	  product/industrial	  designers	  could	  quickly	  
feel	   overwhelmed	   and	   potentially	   intimidated	   by	   the	   idea	   of	   designing	   with	   an	  
electronics	  based	  technology;	  however,	  product/industrial	  designers	  offer	  a	  unique	  
perspective/advantage	   as	   they	   design	   for	   an	   end	   user	   and	   consider	   the	   users’	  
lifestyle	  and	  how	  it	  can	  benefit	  them,	  and	  importantly	  the	  ability	  to	  pin	  down	  what	  a	  
user	  wants,	  and	  then	  create	  the	  design	  solution.	  	  
	  
When	  educating	  designers	   in	   relation	   to	  educational	   approaches,	  EECS2	   suggested	  
including	   “some	   of	   that	   practical,	   hands-­‐on	   type	   experience”	   and	   also	   a	   way	   to	  
facilitate	   the	   students	   getting	   more	   of	   the	   “technical	   knowledge	   background	  
understanding	  on	   the	   particular	   technology	   that	   they	  might	   be	   using”.	   Building	  on	  
this,	  EECS2	  suggests	  then	  thinking	  about	  “how’s	  that	  done	  in	  conventional	  education,	  
in	  boring	  lectures,	  exams	  that	  people	  hate,	  and	  things	  like	  that.	  So	  there’s	  got	  to	  be	  
some	  better	  ways	  about	  how	  do	  you	  acquire	  and	  embed	  that,	  what	  we	  would	  call	  the	  
‘body	  of	  knowledge’	  associated	  with	  a	  particular	  technology”.	  How	  to	  implement	  this	  
technology	   into	   the	  educational	   curriculum	  can	  pose	  quite	  a	   challenge,	  however	   if	  
the	  body	  of	   knowledge	  was	  accessible	   to	   the	   students	   through	  an	  online	   resource	  
and	  an	  overview	  of	  this	  or	  introduction	  to	  this	  was	  given	  in	  lectures,	  it	  would	  make	  
the	   students	   aware	  of	   the	   technology	  whilst	   then	  having	   a	   resource	   that	   they	   can	  
read	  between	  lectures.	  EECS2	  mentioned	  before	  that	  student	  are	  always	  expected	  to	  
do	   research	   around	   a	   topic,	   and	   so	   providing	   at	   least	   the	   basics	   about	   this	  
technology	   in	   this	   educational	   resource	   could	   get	   them	   inspired	   to	   then	   research	  
further	  about	  the	  topic,	  and	  potentially	  design	  with	  the	  technology.	  	  
	  
	  
6.1.10	  Summary	  	  
	  
From	   these	   interviews,	   there	   have	   been	   important	   points	   noted	   that	   need	   to	   be	  
considered	  when	  translating	  this	  technology	  to	  student	  designers.	  
	  
An	  encouraged	  approach	  toward	  presenting	  a	  new	  technology	  around	  it’s	  technical	  
constraints	  was	  suggested	  from	  EECS2,	  was:	  “yes	  there	  are	  technical	  constraints	  but	  
actually	  what	  you	   really	  wanted	   to	  do	   is	  not	   to	  view	   that	  as	  an	  absolute…but	   that	  
you	   need	   to	   be	   able	   to	   put	   that	   specific	   technical	   constraint	   as	   it	   is	   now,	   in	   the	  
context	  of	  what	  development	  is	  going	  on	  around	  that	  and	  where	  might	  we	  be	  in	  two	  
or	   three	   years’	   time…putting	   all	   of	   those	   constraints	   into	   some	   sort	   of	   easy	   to	  
understand	   context,	   part	   of	   that	   is	   time”.	   This	   approach	  would	   aim	   to	   inform	   the	  
students	  about	   the	   technology’s	   constraints,	   yet	  keeps	   the	   tone	  upbeat	  about	   this	  
technology	  as	  it	  also	  provides	  a	  short	  term	  forecast	  that	  illustrates	  the	  technology’s	  
progress	  which	   can	   be	   inspiring	   for	   the	   students,	   as	   they	  will	   be	   able	   to	   see	   that	  
areas	  of	  it	  will	  be	  achievable	  shortly.	  This	  also	  would	  answer	  one	  of	  the	  questions	  or	  
requests	  from	  the	  students	  of	  them	  wanting	  to	  see	  a	  two	  to	  three-­‐year	  forecast.	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EECS2	   said	   that	   in	   projects	   “students	   would	   always	   be	   expected	   to	   do	   further	  
background	  research”,	  and	   that	   there	  needs	   to	  be	  a	  better	  way	   for	   students	   to	  be	  
able	   to	   acquire	   and	  embed	   the	   technical	   knowledge	  background	  understanding	  or	  
‘body	  of	   knowledge’	   associated	  with	   the	  particular	   technology	   that	   they	  would	  be	  
working	   with,	   and	   that	   students	   need	   to	   understand	   the	   technology’s	   technical	  
constraints	  to	  be	  able	  to	  do	  a	  design	  project	  with	  it.	  
	  
From	  the	  interviews	  a	  query/challenge	  arose	  from	  EECS2	  in	  relation	  to	  this	  research	  
and	   on	   the	   communication	   of	   printed	   electronics	   technology	   to	   designers,	   on	  
technical	   constraints	   “how	   do	   you	   powerfully	   and	   effectively	   communicate	   these	  
issues	  around	  the	  constraints?”.	  Also	  when	  explaining	  the	  technology	  concept	  using	  
cartoon	  style	   illustrations	  “how	  do	  you,	   in	  a	  very	  simple	  way,	  explain	   this	   technical	  
challenge?”	   and	   that	   one	   approach	   that	   was	   used	   before,	   was	   by	   explaining	   a	  
“completely	   unrelated	   example”	   to	   demonstrate	   a	   technical	   concept	   to	   designers.	  
The	   example	   given	   was	   in	   relation	   to	   one	   of	   the	   technical	   challenges	   with	   OLED	  
display	  technology	  with	  its	  high	  sensitive	  to	  moisture	  ingress	  and	  its	  potential	  use	  for	  
flexible	   displays.	   Currently	   glass	   is	   still	   used	   (which	   is	   non	   flexible)	   as	   it	   does	   not	  
allow	  moisture	   through,	  but	   for	   flexible	  displays	  plastics	  would	  be	  used,	  which	  are	  
flexible	   due	   to	   their	   open	   molecular	   structure,	   however	   this	   structure	   allows	  
moisture	   through.	   The	   example	   given	   was	   the	   technical	   challenge	   of	   making	   a	  
waterproof	   plastic	   flexible	   protective	   layer	   being	   comparable	   in	   difficulty	   to	   the	  
technical	  challenge	  of	  creating	  a	  100%	  waterproof	  tarpaulin	  sheet	  to	  cover	  an	  entire	  
football	   pitch.	   A	   comparison	   such	   as	   this	   can	   sometimes	   be	   helpful	   for	   designers	  
around	  understanding	  technical	  concepts	  as	  it	  gets	  designers	  thinking	  in	  a	  different	  
way	  by	  taking	  it	  completely	  out	  of	  context.	  
	  
Following	  the	  two	  interviews,	  at	  this	  point	  in	  the	  research	  it	  seems	  possible	  to	  begin	  
to	   draw	   together	   the	   data	   gathered	   on	   what	   a	   designer	   needs	   to	   be	   able	   to	  
understand,	   and	   what	   information	   about	   printed	   electronics	   can	   be	   provided	   to	  
them	  in	  a	  way	  that	  they	  will	  understand	  (Figure	  138).	  EECS2	  highlighted	  the	  need	  to	  
communicate	  the	  overall	  idea	  of	  the	  technology	  but	  also	  different	  concepts,	  such	  as:	  
technical,	   user	   benefits,	   and	   commercial.	   EECS3	   highlighted	   the	   importance	   of	  
communicating	  the	  functional	  benefits	  of	  the	  technology	  and	  building	  awareness	  of	  
its	   wider	   potential,	   but	   that	   fully	   understanding	   the	   technology	   is	   not	   the	   overall	  
goal,	   but	   that	   it	   is	   the	   designers’	   ability	   to	   understand	   the	   user	   centred	   design	  
process,	   so	  not	   just	   their	  own	  way	  of	   thinking,	  but	   into	   the	  minds	  of	  other	  people	  
that	   is	   the	   advantage	   to	  deliver	   design	   solutions	  with	   this	   technology.	   If	   designers	  
are	   told	  about	   the	  benefits	  of	   the	   technology,	   then	   they	  can	  apply	   this	  knowledge	  
when	   designing,	   and	   a	   designer’s	   ability	   to	   understand	   the	   user	   centred	   design	  
process	  could	   lead	  to	  the	  technology	  appearing	   in	  products	   in	  different	  sectors.	  So	  
designers	  need	  to	  focus	  on	  understanding	  the	  benefits	  of	  the	  technology	  and	  what	  it	  
could	  do	  for	  a	  user.	  
	  
So,	   what	   designers	   need	   to	   understand	   or	   know	   when	   designing	   with	   printed	  
electronics	   technology	   (Figure	   138)	   consists	   of	   three	   main	   sections:	   printed	  
electronics	  technology,	  the	  benefits	  of	  the	  technology,	  and	  what	  it	  can	  do	  for	  an	  end	  
user.	  The	  first	  section	  focuses	  on	  communicating	  the	  overall	  idea	  of	  the	  technology	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(as	  also	  suggested	  by	  EECS2),	  and	  includes	  the	  taxonomy	  of	  printed	  electronics	  that	  
was	   created	   (Figure	   116)	   and	   its	   content	   confirmed	   by	   printed	   electronics	   experts	  
earlier	   in	   this	   research	   (see	   section	   5.2	  Appraisal	   of	   TRL	   approach	   and	   taxonomy),	  
however	  to	  increase	  understanding	  of	  this	  technology	  for	  designers,	  emphasis	  would	  
be	  on	  the	  functionality	  of	  each	  of	   the	  printed	  electronic	  components	   in	  relation	  to	  
what	  each	  of	  the	  components	  do,	  as	  EECS3	  highlights.	  The	  first	  section	  also	  focuses	  
on	  printed	  electronics	  products	  or	  applications	  that	  are	  current	  (such	  as	  those	  found	  
previously	   in	   this	   research	   study,	   see	   sections	   2.4.2	   Printed	   electronics	   product	  
examples	   and	   Appendix	   1:	   In-­‐depth	   examination	   of	   printed	   electronics	   product	  
examples)	  and	  future	  or	  forecast	  products	  or	  applications	  as	  EECS2	  mentioned	  that	  
the	  students	  wanted	  to	  see	  a	  short-­‐term	  technology	  forecast,	  that	  shows	  where	  the	  
technology	  will	   be	   in	   two	   to	   three	   years	   time.	   The	   second	   section	   focuses	   on	   the	  
benefits	  of	   the	   technology,	  and	  more	  closely	  on	  what	   it	   can	  do	  with	   regards	   to	   its	  
form	  e.g.	  flexible,	  how	  it	  can	  or	  has	  changed	  products	  e.g.	  function	  and	  design,	  the	  
identified	  benefits	   e.g.	   case	   studies	  of	   products	   that	  provided	  benefits	   in	  different	  
ways	   such	   as	   in	   safety	   and	   healthcare,	   and	   comparing	   conventional	   electronics	   to	  
printed	  electronics,	  demonstrating	  that	  with	  printed	  electronics,	  it	  allows	  electronics	  
to	   go	  where	   it	   could	  not	   go	  before	   e.g.	   thin,	   lightweight,	   flexible,	   etc.	   this	   printed	  
electronics	  content	   found	   through	   the	   literature	   review	  of	   this	   research	  study	   (see	  
section	  2.4	  Printed	  electronics)	  and	  the	  emphasis	  of	  what	  the	  technology	  can	  do	  was	  
mentioned	  by	  EECS3.	  The	  third	  section	  focuses	  on	  what	  the	  technology	  can	  do	  for	  an	  
end	   user,	   this	   is	   where	   designers	   would	   need	   to	   focus	   on	   user	   centred	   design,	  
considering	  the	  potential	  benefits	  from	  the	  user’s	  perspective	  and	  what	  a	  user	  may	  
want,	   the	   technology’s	   characteristics	   and	   how	   it	   could	   appeal	   to	   or	   fit	   in	   with	   a	  
user’s	   different	   lifestyle	   choices	   or	   a	   certain	   image	   they	  may	   want	   to	   portray	   (as	  
EECS2	  highlighted	  the	  need	  to	  consider	  user	  benefits	  and	  commercial	  aspects).	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Figure	  138	  -­‐	  What	  designers	  need	  to	  understand	  /	  know	  when	  designing	  with	  printed	  
electronics	  technology	  
	  
Further	  to	  this,	  what	  the	  students	  wanted	  to	  know	  or	  the	  questions	  that	  they	  asked	  
during	   these	   two	   projects	   need	   to	   be	   taken	   into	   consideration	  when	  wording	   the	  
printed	  electronics	  content	  for	  them,	  the	  students	  wanted	  to	  know:	  
• The	   technology’s	   current	   constraints/limitations:	   “power,	   battery	   life,	   levels	  
of	   illumination,	   amount	   of	   memory	   that	   can	   be	   incorporated”	   EECS2,	   also	  
Questions	   about	   printing	   in	   three	   dimensions	  were:	   “how	   big	   can	   you	   go?	  
How	  feasible	  is	  it?	  What	  are	  the	  radius	  you	  can	  print	  around?”	  EECS3	  
• Short-­‐term	  forecast	  –	  where	  the	  technology	  will	  be	  in	  2-­‐3	  years	  time	  EECS2	  
• If	  the	  technology	  is	  flexible	  –	  when	  a	  student	  was	  designing	  it	  to	  go	  in	  shoes	  
“I	  want	  to	  use	  an	  elastomer,	  will	  your	  technology	  flex?”	  EECS3	  
	  
	  
Successful	   methods	   of	   communication	   to	   heighten	   students’	   engagement	   when	  
learning	  about	  printed	  electronics	  technology	  are	  also	  essential	  when	  learning	  about	  
a	  new	  technology,	  these	  are:	  
• To	   see	   and	   experience	   the	   technology	   first-­‐hand	   or	   the	   situation	   that	   they	  
will	  be	  designing	  for	  –	  practical,	  hands-­‐on	  experience	  –	  factory	  visit	  EECS2	  
• Cartoon	   style	   illustrations	   to	   make	   the	   point	   –	   effective	   when	   translating	  
printed	  electronics	  to	  students	  EECS2	  
• Video	   communication	   to	   provide:	   overall	   concept,	   technical	   concepts,	   and	  
user	  benefits	  concept	  EECS2	  
• Students	  working	  in	  groups	  EECS3	  
o Assign	   one	   vertical	   (market/sector)	   to	   each	   group	   of	   students	   to	  
design	  for;	  this	  allows	  them	  to	  have	  a	  contextual	  understanding	  of	  the	  
restraints	   in	   their	  project,	  allows	  them	  to:	  state	   the	  sector	   that	   they	  
are	   designing	   for,	   find	   out	   what	   that	   sector	   expects	   on	   what	   the	  
restraints	   of	   that	   sector	   are,	   and	   what	   issues	   they	   have	   to	   address	  
immediately	  EECS3	  
o After	   working	   on	   one	   vertical,	   students	   are	   then	   free	   to	   pick	   a	  
different	  one	  to	  design	  for	  if	  they	  like	  EECS3	  
	  
	  
Inspired	  by	   the	   interview	  with	  EECS3,	  a	  simple	  graphical	   image	  was	  created	  that	   is	  
broad	   enough	   to	   potentially	   be	   applied	   to	   future	   projects,	   it	   focuses	   on	   key	  
questions	   that	   a	   designer	   can	   ask	   themselves	  when	   evaluating	   a	   brief	   and	  what	   a	  
client	  is	  wanting	  from	  a	  project;	  this	  is	  particularly	  useful	  in	  the	  context	  of	  designing	  
with	   a	   new	   technology	   in	   a	   broad	   brief	   (where	   the	   client	   does	   not	   always	   know	  
exactly	  what	  they	  want)	  (Figure	  139).	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Figure	  139	  -­‐	  Addressing	  a	  brief	  /	  what	  a	  client	  wants	  
	  
Interviewing	   the	   educational	   experts	   from	   both	   of	   the	   case	   study	   projects	   on	  
presenting	  printed	  electronics	  technology	  to	  student	  designers	  has	  brought	  to	   light	  
areas	   in	  which	  the	  students	  struggled	  or	  did	  not	  understand,	  but	  also	  what	  stimuli	  
they	  responded	  positively	  to.	  The	  way	  the	  information	  is	  presented	  and	  worded	  is	  a	  
key	   aspect	   to	   how	   well	   the	   students	   learn	   about	   the	   technology	   in	   knowledge	  
absorption,	   retention,	   and	   finally	   application	   through	   the	   design	   of	   a	   product.	   To	  
gather	   a	   balanced	   view	   on	   approaches	   toward	   the	   communication	   of	   printed	  
electronics	   technology	  to	  designers,	   from	  the	  same	  case	  studies,	  an	   interview	  with	  
an	  individual	  from	  industry	  was	  conducted	  and	  is	  evaluated	  in	  the	  following	  chapter.	  
	  
	  
6.2	  Industry	  interview	  
	  
Following	  the	   interviews	  with	  two	  educators	   (6.1	  Educator	   interviews),	   this	  section	  
reports	  on	  a	  semi-­‐structured	  interview	  that	  was	  carried	  out	  as	  part	  of	  this	  research	  
with	   an	   individual	   from	   industry	   who	   has	   previously	   communicated	   printed	  
electronics	  technology	  to	  designers.	  	  
	  
The	   interview	   aimed	   to	   discuss	   the	   approaches	   they	   took,	   along	   with	   any	   new	  
approaches	   that	   they	   felt	   could	   be	   appropriate.	   This	   interview	   with	   the	   industry	  
expert	  who	  had	  experience	  in	  presenting	  printed	  electronics	  technology	  to	  designers	  
provided	  an	  opportunity	  to	  discuss	  and	  identify	  their	  approaches.	  The	  outcomes	  of	  
the	  interview	  aim	  towards	  defining	  new	  approaches	  for	  presenting	  the	  technology	  to	  
designers	  to	  ensure	  sufficient	  knowledge	  transfer.	  
	  
As	   previously	   mentioned	   (see	   6.1	   Educator	   interviews),	   the	   ‘ethical	   clearance	  
checklist’	   (Appendix	  5.1:	  Ethical	  Clearance	  Checklist),	   ‘adult	  participant	   information	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sheet’	   (Appendix	   5.2:	   Adult	   Participant	   Information	   Sheet),	   and	   ‘informed	   consent	  
form’	   (Appendix	   5.3:	   Informed	   Consent	   Form)	   had	   already	   been	   checked	   and	  
approved	  by	  both	  PhD	  supervisors	  and	  Loughborough	  University	   (see	  5.2	  Appraisal	  
of	  TRL	  approach	  and	  taxonomy),	  and	  because	   the	  nature	  of	   the	   interviews	  did	  not	  
differ,	   these	  documents	  did	  not	  need	  rechecking	  and	  reapproving.	  Audio	  recording	  
equipment	  was	  used	  to	  capture	   the	   information	   for	   transcription	  purposes,	  and	  as	  
this	  is	  a	  different	  study,	  the	  wording	  on	  the	  ‘adult	  participant	  information	  sheet’	  was	  
altered	  accordingly.	  
	  
The	   ‘adult	   participant	   information	   sheet’	   (Appendix	   10.1:	   Adult	   Participant	  
Information	  Sheet	  -­‐	  Industry	  Expert)	  and	  the	  ‘informed	  consent	  form’	  (Appendix	  5.3:	  
Informed	  Consent	  Form)	  was	  presented	  to	  the	  participants	  prior	  to	  the	  interviews	  to	  
provide	   them	  with	  an	  understanding	  of	  what	   the	  study	   is	  about,	   inform	  them	  that	  
the	   interview	  will	  be	   recorded	  using	  audio	   recording	  equipment,	  what	   they	  will	  be	  
asked	   to	   do,	   etc.,	   (adult	   participant	   information	   sheet)	   and	   also	   if	   they	   are	   happy	  
with	  these	  interview	  conditions,	  that	  they	  can	  confirm	  to	  proceed	  with	  the	  interview	  
(informed	  consent	   form).	  The	  time	  duration	  of	  each	  semi-­‐structured	   interview	  was	  
one	  hour.	  
	  
	  
6.2.1	  Previous	  approaches	  
	  
There	  are	  three	  case	  studies	  where	  printed	  electronics	  technology	  was	  presented	  to	  
industrial	  designers,	  as	  previously	  discussed:	  Case	  study	  1	   in	  2013,	  Case	  study	  2	   in	  
2014,	   and	   Case	   study	   3	   in	   2015	   (see	   Section	   2.7	   Re-­‐analysing	   past	   case	   studies	   –	  
printed	  electronics	  previously	  presented	  to	  designers).	  In	  these	  case	  studies,	  printed	  
electronics	   experts	   worked	   very	   closely	   with	   designers	   to	   produce	   desirable	   new	  
designs	   for	   commercialisation,	   this	   appeared	   to	   be	   achieved	   by	   presenting	  
elements/examples	   of	   printed	   electronics	   that	   can	   already	   be	   produced	   to	   the	  
designers	   and	   the	   printed	   electronics	   experts	   giving	   their	   advice.	   However,	   this	  
approach	   requires	   considerable	   time	   from	   a	   printed	   electronics	   expert	   and	   only	  
provides	   designers	   with	   a	   very	   limited	   insight	   into	   the	   technology,	   and	   therefore	  
does	  not	  provide	  designers	  with	   a	   long-­‐term	  perspective	  of	   the	   technology,	  which	  
they	  would	  need	  in	  order	  to	  create	  designs	  for	  the	  future.	  
	  
	  
6.2.2	  Purpose	  	  
	  
To	   solicit	   the	  perceptions,	   opinions	   and	  wisdom	  of	   industry	   experts,	   specifically	   to	  
gain	   expert’s	   opinions	   and	   feedback	   on	   approaches	   for	   the	   communication	   of	  
printed	  electronics	  knowledge	  to	  designers.	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6.2.3	  Aims	  
	  
The	  aims	  of	  the	  interview	  are	  to:	  
• Identify	   approaches	   toward	   the	   communication	   of	   printed	   electronics	  
technology	  to	  designers	  
• Identify	   any	   barriers	   that	   might	   be	   encountered	   in	   the	   communication	   of	  
printed	  electronics	  technology	  to	  designers	  
• Assess	  expert	  opinion	  regarding	  approaches	  taken	  and	  the	  perceived	  success	  
(or	  otherwise)	  
	  
6.2.4	  Sample	  size	  
	  
A	   small	   sample	   size	   of	   one	   participant	   is	   required	   for	   this	   study	   (Blessing,	   and	  
Chakrabarti,	   2009.	  p.	   275)	   as	   they	  are	  a	  purposefully	   selected	   individual	   (Creswell,	  
2014,	  p.	  189).	  The	  expert	  was	  chosen	  for	  participation	  in	  this	  research	  as	  they	  have	  
been	  involved	  in	  all	  three	  projects	  that	  presented	  printed	  electronics	  technology	  to	  
design	  students	  (see	  Section	  2.7	  Re-­‐analysing	  past	  case	  studies	  –	  printed	  electronics	  
previously	   presented	   to	   designers),	   and	   they	   have	   experience	   communicating	   this	  
technology	   to	   students	   from	   different	   levels	   of	   education,	   both	   at	   Masters’	  
(postgraduate)	  level	  education,	  and	  undergraduate	  level	  education.	  Their	  experience	  
in	  communicating	  at	  different	  levels	  and	  their	  background	  adds	  depth	  to	  this	  study,	  
with	   the	   potential	   to	   highlight	   any	   differences	   in	   their	   approach	  between	  projects	  
when	  it	  came	  to	  communicating	  printed	  electronics	  to	  design	  students.	  
	  
6.2.5	  Method	  and	  interview	  questions	  
	  
An	   interview	   should	   “provide	   a	   framework	   within	   which	   respondents	   can	   express	  
their	   own	   understandings	   in	   their	   own	   terms”	   (Blessing,	   and	   Chakrabarti,	   2009.	   p.	  
271).	   	   It	  should	  avoid	  common	  obstacles	  that	  occur	  in	  daily	  ordinary	  conversations,	  
such	   as	   miscommunication,	   lack	   of	   depth,	   lack	   of	   clarity	   in	   questions,	   lack	   of	  
direction	   in	   the	   dialogue,	   and	   interrupting	   the	   answers	   given	   (Blessing,	   and	  
Chakrabarti,	  2009.	  p.	  271).	  
	  
Fifteen	  main	  questions	  created	  the	  structure	  of	  the	  interview	  (Table	  16).	  These	  were	  
designed	  to	  discover	   information	  on	  topics	  that	  are	  yet	  unknown	  such	  as:	  how	  the	  
collaborative	   project	   was	   initiated,	   what	   they	   expected	   the	   design	   students’	  
background	  experiences/knowledge	  to	  be	  prior	   to	  the	  project,	   intended	  outcomes,	  
student	  engagement,	  outputs,	  any	  barriers	  encountered	  during	  the	  communication	  
of	   printed	   electronics	   technology	   to	   designers,	   students	   queries,	   how	   translatable	  
the	   topic	   is	   into	   educational	   content,	   and	   the	   industry	   expert’s	   reflections	   and	  
recommendations.	  	  
	  
Semi-­‐structured	   interviews	   offer	   a	   guide	   and	   direction	   for	   a	   topic	   conversation,	  
allowing	  for	  unplanned	  questions	  to	  follow	  up	  on	  what	  the	  interviewee	  is	  saying,	  and	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offering	   flow	   to	   the	   interview	   (Robson,	   2011,	   p.	   280).	   They	   encourage	   the	  
interviewee	  to	  talk	  at	  some	  length	  about	  a	  topic	  in	  their	  own	  way,	  yet	  allow	  for	  the	  
interviewer	   to	  continue	  with	  prompts	   (to	  encourage	   the	   interviewee	  to	  answer,	   to	  
ensure	  they	  say	  as	  much	  as	  the	  can	  or	  wish	  to)	  and	  probes	  (to	  get	  the	  interviewee	  to	  
expand	  in	  detail,	  or	  to	  explain	  further)	  according	  to	  plan	  (Drever,	  2003,	  pp.10-­‐11).	  	  
	  
Table	  16	  -­‐	  Industry	  expert	  interview	  questions	  and	  why	  each	  question	  was	  asked	  
Industry	  Expert	  Interview	  Questions	   Why	  each	  question	  was	  asked	  
Q1.	  How	  did	  the	  Printed	  Electronics/	  Education	  
collaboration	  come	  together?	  Did	  the	  
universities/educators	  contact	  YOU	  (the	  
researchers/companies)	  in	  the	  first	  instance?	  
To	  find	  out	  how	  the	  collaborative	  project	  
was	  initiated.	  
Q2.	  What	  did	  you	  expect	  the	  design	  students’	  
background	  experiences/knowledge	  to	  be	  prior	  to	  the	  
printed	  electronics	  project?	  
To	  find	  out	  the	  students’	  background.	  
Q3.	  What	  were	  the	  intended	  outcomes	  of	  the	  printed	  
electronics	  project?	  
To	  find	  out	  the	  intended	  learning	  outcomes.	  
Q4.	  How	  did	  the	  design	  students	  engage	  with	  the	  
project?	  (Were	  students	  given	  a	  brief	  by	  you/the	  
educators/both?)	  
To	  find	  out	  how	  the	  students	  were	  engaged	  
with	  the	  project.	  
Q5.	  What	  approaches/techniques	  were	  used	  in	  the	  
project	  to	  communicate	  printed	  electronics	  
technology	  to	  designers?	  
To	  find	  out	  the	  communication	  techniques	  
used.	  
Q6.	  What	  types	  of	  questions,	  if	  any,	  did	  the	  students	  
ask	  throughout	  the	  project?	  
To	  find	  out	  what	  the	  student	  queries	  were.	  
Q7.	  Were	  there	  any	  barriers	  encountered	  during	  the	  
communication	  of	  printed	  electronics	  technology	  to	  
designers?	  
To	  find	  out	  if	  there	  were	  any	  barriers	  
encountered	  when	  communicating	  this	  
technology	  to	  designers.	  
Q8.	  What	  were	  the	  outputs	  from	  the	  projects	  –	  
product	  designs,	  functional	  prototypes,	  concepts,	  
viable	  products?	  
To	  find	  out	  what	  the	  outputs	  of	  the	  projects	  
were.	  
Q9.	  From	  an	  industry	  perspective,	  what	  are	  your	  
reflections	  on	  the	  printed	  electronics	  project	  in	  this	  
commercial	  context?	  
To	  find	  out	  what	  the	  industry	  expert’s	  
reflections	  were	  on	  the	  project.	  
Q10.	  At	  the	  end	  of	  the	  printed	  electronics	  project,	  did	  
the	  design	  students	  fill	  out	  any	  feedback	  forms	  (did	  
you	  record	  any	  feedback/comments	  from	  them)?	  
To	  find	  out	  about	  the	  students’	  experience	  
of	  the	  project,	  through	  comments	  or	  
feedback.	  
Q11.	  What	  were	  the	  overall	  intended	  outcomes	  from	  
the	  printed	  electronics	  project	  from	  both	  the	  
researcher’s/companies’	  perspective	  and	  the	  
educator’s	  perspective?	  
To	  find	  out	  the	  overall	  intended	  outcomes	  of	  
the	  project	  from	  the	  perspective	  of	  the	  
company/researcher	  and	  the	  educator.	  
Q12.	  Do	  you	  feel	  that	  projects	  like	  this	  translate	  well	  
into	  an	  educational	  content?	  
To	  find	  out	  whether	  the	  industry	  expert	  felt	  
that	  projects	  like	  this	  would	  translate	  well	  
into	  educational	  content.	  
Q13.	  Are	  there	  any	  aspects	  about	  the	  communication	  
of	  printed	  electronics	  to	  designers	  that	  you	  feel	  have	  
not	  been	  covered	  in	  this	  interview?	  
To	  find	  out	  whether	  the	  industry	  expert	  felt	  
that	  there	  were	  any	  aspects	  of	  the	  project	  
that	  had	  not	  been	  covered	  in	  the	  interview.	  
Q14.	  Are	  there	  any	  questions	  that	  you	  would	  like	  to	  
ask?	  
To	  provide	  the	  opportunity	  for	  the	  industry	  
expert	  to	  ask	  questions.	  
Q15.	  With	  your	  experiences,	  in	  relation	  to	  my	  
research,	  is	  there	  anything	  else	  that	  you	  would	  like	  to	  
add?	  
To	  provide	  the	  opportunity,	  and	  to	  find	  out	  
whether	  the	  industry	  expert	  would	  like	  to	  
add	  anything	  else	  in	  relation	  to	  the	  research,	  
or	  provide	  any	  recommendations	  etc.	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6.2.6	  Options,	  advantages,	  and	  limitations	  of	  qualitative	  
data	  collection	  	  
	  
The	   qualitative	   face-­‐to-­‐face	   interview	   is	   the	   chosen	   data	   collection	   type	   for	   this	  
study;	  the	  interview	  was	  comprised	  of	  open-­‐ended	  questions	  that	  were	  intended	  to	  
“elicit	  views	  and	  opinions	  from	  the	  participants”	   (Creswell,	  2014,	  p.	  190),	  this	  was	  a	  
semi-­‐structured	   interview.	  The	  advantages	  of	  this	  data	  collection	  type	  are	  that	   it	   is	  
useful	  when	   the	   participant’s	   project(s)	   cannot	   be	   directly	   observed,	   and	   it	   allows	  
the	   researcher	   control	   over	   the	   line	   of	   questioning.	   The	   limitations	   are	   that	   the	  
researcher’s	  presence	  may	  bias	  responses,	   it	  provides	   indirect	   information	  that	  has	  
been	   filtered	   through	   the	   views	   of	   the	   interviewees,	   it	   provides	   information	   in	   a	  
designated	  place	  rather	  than	  the	  natural	  field	  setting,	  and	  not	  all	  people	  are	  equally	  
articulate	  and	  perceptive	  (Creswell,	  2014,	  p.	  191).	  	  
	  
	  
6.2.7	  Codes	  and	  categories	  relating	  to	  theory	  
	  
Before	   the	   interview,	   potential	   codes	   and	   categories	  were	   explored	   and	  how	   they	  
could	  relate	  to	  theory.	  Within	  some	  of	  the	  categories,	  subcategories	  may	  be	  used	  for	  
further	   refinement	   when	   clustering	   the	   coded	   data.	   When	   these	   categories	   are	  
compared,	   the	  data	  can	  progress	   toward	  the	  theoretical,	  conceptual,	  and	  thematic	  
(Saldaña,	   2013.	   p.12);	   this	   process	  of	   coding	  usually	   follows	   a	   streamlined	   scheme	  
(See	  Figure	  117).	  
	  
This	  model	  can	  be	  useful,	  even	  if	  it	  is	  not	  directly	  used	  in	  the	  overall	  analysis,	  as	  “pre-­‐
established	   sociological	   theories	   can	   inform,	   if	   not	   drive,	   the	   initial	   coding	   process	  
itself”	   (Saldaña,	  2013.	  p.13).	  A	  code-­‐to-­‐theory	  model	  was	  created	   for	   this	   research	  
(Figure	  140).	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Figure	  140	  -­‐	  Code-­‐to-­‐Theory	  Model	  (Industry	  Expert)	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6.2.8	  Industry	  expert	  -­‐	  background	  of	  participant	  	  
	  
The	  industry	  ‘expert’	  (Dreyfus,	  H.L.,	  et	  al.,	  1986)	  was	  interviewed	  (see	  Section	  5.2.7	  
Definition	  of	  an	  expert).	  They	  were	   involved	   in	  each	  of	   the	  only	   three	  case	  studies	  
published	   to	   date	   (as	   discussed	   in	   Section	   2.7	   Re-­‐analysing	   past	   case	   studies	   –	  
printed	   electronics	   previously	   presented	   to	   designers),	   and	   therefore	  were	   chosen	  
for	   this	   study.	   Their	   identity	   has	   been	   kept	   anonymous,	   and	   a	   brief	   and	   vague	  
description	  of	  their	  background	  for	  the	  same	  purpose:	  
	  
Industry	  Expert	  from	  all	  three	  case	  studies	  (IE):	  	  
Commercial	  Manager	   at	   a	   company,	   IE	   is	   a	   technologist	  with	  33	   years	   experience,	  
working	  in	  a	  variety	  of	  industry	  sectors.	  The	  expert’s	  qualifications	  include	  a	  B.Eng	  in	  
Metallurgy	  and	  Materials	  Science	  and	  a	  PhD	  in	  Plastics	  Technology.	  
	  
	  
6.2.9	  Interview	  data	  analysis	  
	  
In	   the	   data	   analysis	   of	   the	   industry	   expert’s	   interview,	   a	   prefixed	   code	   name	   is	  
applied:	   ‘IE’	   which	   stands	   for	   ‘Industry	   Expert’.	   This	   acronym	   is	   used	   to	   keep	   the	  
expert	   anonymous	   when	   discussing	   and	   describing	   results.	   A	   transcription	   of	   the	  
interview	  (see	  Appendix	  10:	  Interview	  with	  Industry	  Expert)	  was	  created	  in	  Microsoft	  
Word.	   These	   were	   then	   imported	   into	   QSR	   International	   NVivo10	   to	   code	   and	  
analyse	  the	  data.	  
	  
To	   start	   the	   analysis,	   a	   word	   frequency	   query	   was	   used	   to	   find	   out	   the	   most	  
frequently	  used	  words	  throughout	  the	  interview	  (Figure	  141).	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Figure	  141	  -­‐	  Word	  frequency	  query	  –	  Word	  cloud	  
	  
	  
The	  interviews	  were	  then	  coded	  with	  eight	  main	  codes	  (some	  containing	  sub	  codes),	  
or	   as	   called	   in	   NVivo	   ‘nodes’,	   that	   relate	   to	   the	   reactions	   from	   the	   expert	   to	   the	  
questions	   asked.	   There	   is	   a	   focus	   on	   the	   expert’s	   reactions	   as	   this	   approach	   takes	  
into	  consideration	  the	   individual’s	   tone	  of	  voice	  and	  body	   language,	  as	  well	  as	   just	  
the	  words	  that	  are	  spoken.	  These	  reactions	  were	  (in	  no	  particular	  order):	  	  
	  
1. Defensive	  Response	  
Ø Self	  doubt	  	  
Ø Not	  knowing	  the	  answer	  
Ø Regarding	  other	  people	  
Ø Reason	  for	  not	  attending	  a	  meeting	  
Ø Not	  knowing	  enough	  about	  the	  doctorial	  research	  at	  the	  start	  of	  the	  
interview	  
2. Intended	  outcomes	  of	  project	  
3. Learning	  outcomes	  for	  design	  students	  
4. Negative	  Response	  
Ø General	  Conversation	  	  
Ø In	  relation	  to	  printed	  electronics	  technology	  
Ø In	  relation	  to	  education	  
Ø In	  relation	  to	  students	  
5. New	  information	  brought	  forward	  
Ø How	  project	  was	  initiated	  
Ø Project	  Output	  
Ø Students’	  response	  to	  the	  project	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Ø Students’	  questions	  
Ø Barriers	  encountered	  during	  the	  communication	  of	  printed	  electronics	  
technology	  to	  designers	  
Ø General	  conversation	  
Ø Approach	  in	  other	  projects	  
6. Positive	  Response	  
Ø General	  Conversation	  
Ø In	  relation	  to	  interviewer’s	  research	  
Ø The	  project	  as	  a	  whole	  
Ø In	  relation	  to	  students	  
7. Query	  
Ø To	  confirm	  the	  interview	  question	  
Ø Querying	  interviewer’s	  research	  
8. What	  students	  received	  and	  are	  expected	  to	  do	  
	  
	  
	  
A	   ‘Tree	  Map’	  was	  used	   to	  analyse	   these	   ‘nodes’	   in	   terms	  of	   the	  number	  of	   coding	  
references;	  this	  was	  effective	  in	  showing	  which	  areas	  were	  most	  talked	  about	  (Figure	  
142).	  	  The	  ‘items’	  from	  the	  number	  of	  items	  coded	  refers	  to	  how	  many	  interviews	  it	  
was	  present	  in,	  so	  in	  this	  case,	  all	  the	  codes	  were	  discussed	  in	  the	  interview,	  and	  the	  
least	   discussed	   topic/code	   was	   the	   ‘learning	   outcomes	   for	   design	   students’	  
throughout	  the	  interview.	  
	  
	  
	  
Figure	  142	  -­‐	  Tree	  Map	  of	  'Nodes'	  in	  Industry	  Interview	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These	   ‘nodes’	   were	   then	   analysed	   in	   relation	   to	   each	   question	   that	   was	   asked,	  
resulting	  in	  the	  coding	  references	  count	  for	  each.	  Responses/answers	  for	  all	  fifteen	  
questions	  are	  displayed	  below	  (Table	  17).	  Please	  refer	  back	  to	  Table	  16	  to	  read	  the	  
fifteen	  questions	  asked	  in	  this	  industry	  interview.	  
	  
Table	  17	  -­‐	  Answers	  to	  all	  15	  questions	  in	  Industry	  Interview	  
	  
Defensive	  
Response	  
Intended	  
Outcomes	  
of	  Project	  
Learning	  
Outcomes	  
for	  Design	  
Students	  
Negative	  
Response	  
New	  
information	  
brought	  
forward	  
Positive	  
Response	   Query	  
What	  
students	  
receive	  
and	  are	  
expected	  
to	  do	  
Q1	   0	   0	   0	   1	   1	   0	   0	   0	  
Q2	   1	   0	   0	   0	   1	   0	   0	   2	  
Q3	   1	   1	   0	   0	   0	   0	   0	   0	  
Q4	   2	   0	   0	   0	   0	   0	   0	   3	  
Q5	   1	   0	   0	   0	   1	   0	   0	   1	  
Q6	   1	   0	   0	   0	   3	   0	   0	   0	  
Q7	   0	   0	   0	   1	   2	   0	   0	   0	  
Q8	   0	   0	   0	   0	   1	   0	   0	   0	  
Q9	   0	   0	   0	   1	   1	   0	   1	   1	  
Q10	   1	   0	   0	   0	   1	   1	   0	   0	  
Q11	   0	   2	   1	   0	   2	   0	   0	   0	  
Q12	   0	   0	   0	   1	   2	   2	   0	   0	  
Q13	   0	   0	   0	   2	   2	   1	   0	   0	  
Q14	   0	   0	   0	   0	   0	   0	   1	   0	  
Q15	   1	   0	   0	   2	   2	   2	   0	   0	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Using	   this	   data	   (Table	   17),	   a	   two-­‐dimensional	   histogram	   (Figure	   143)	  was	   created	  
using	   NVivo.	   As	   this	   was	   ‘bivariate	   data’	   (data	   involving	   or	   depending	   on	   two	  
variables),	  a	  two-­‐dimensional	  histogram	  offered	  a	  solution	  for	  displaying	  all	  the	  data	  
needed	  (Everitt,	  et	  al.	  2001.	  pp.	  14-­‐15).	  
	  
	  
Figure	  143	  -­‐	  Two-­‐dimensional	  Histogram	  –	  Answers	  to	  all	  15	  questions	  in	  Industry	  
Interview	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To	   further	   analyse	   and	   to	   represent	   this	   data	   (Table	   17)	   more	   clearly	   for	   this	  
research,	   a	   modified	   version	   of	   the	   cluster	   analysis	   method	   ‘multidimensional	  
scaling’	   or	   ‘MDS’	   (Everitt,	   et	   al.	   2001.	   pp.	   30-­‐33)	   has	   been	   created	   (Figure	   144).	  
Closed	   circular	   boundaries	   are	   used	   to	   directly	   represent	   the	   number	   of	   codes	  
present	   in	  each	   interview	  question.	   For	  example,	   in	  question	  15	   (Q15)	  a	   total	  of	  7	  
codes	  were	  present,	   therefore	   the	  circle’s	  width	  and	  height	   for	   that	  question	  both	  
measure	  7mm.	  A	  pie	  chart	  is	  then	  created	  within	  this	  circle	  to	  represent	  the	  number	  
of	  codes	  for	  each	  area.	  This	  method	  of	  clustering	  and	  displaying	  the	  data	  allows	  for	  
an	  easy-­‐to-­‐read	  representation	  of	  the	  results	  from	  the	  interview	  questions	  with	  the	  
expert.	  An	  overall	  boundary	  represents	  the	  total	  number	  of	  codes	  (54	  codes)	  in	  the	  
interview	  with	  the	  industry	  expert.	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Figure	  144	  -­‐	  Results	  from	  Interview	  Questions	  with	  Industry	  Expert	  –	  Visual	  
Coding/Clustering	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The	   interview	   produced	   key	   results	   with	   ‘new	   information	   expert	   brings	   forward’	  
dominating	   the	   data.	   Question	   15	   prompted	   the	   greatest	   number	   of	   responses	  
(Figure	   144),	   and	   the	  majority	   of	   these	   responses	  were	   ‘new	   information	   brought	  
forward’,	   ‘positive	   responses’	   and	   ‘negative	   responses’.	   These	  were	   in	   response	   to	  
being	  asked	   if	   the	  expert	  had	  anything	  else	   that	   they	  would	   like	   to	   add	  with	   their	  
experiences	  and	  in	  relation	  to	  this	  doctoral	  research	  (Q15).	  
	  
	  
The	  number	  of	  sub	  codes	  references	  were	  compared	  using	  bar	  charts	  to	  display	  the	  
information	   clearly	   for	   the	   main	   codes	   (those	   that	   contain	   sub	   codes):	   Defensive	  
Response	   (Figure	   145),	   Negative	   Response	   (Figure	   146),	   New	   information	   brought	  
forward	  (Figure	  147),	  Positive	  Response	  (Figure	  148),	  and	  Query	  (Figure	  149).	  
	  
	  
Figure	  145	  –	  ‘Defensive	  Response’	  sub	  codes	  comparison	  (total	  of	  22	  coded	  
references)	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Figure	  146	  -­‐	  'Negative	  Response'	  sub	  codes	  comparison	  (total	  of	  32	  coded	  
references)	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Figure	  147	  -­‐	  'New	  information	  brought	  forward’	  sub	  codes	  comparison	  (total	  of	  96	  
coded	  references)	  
	  
	  
Figure	  148	  -­‐	  'Positive	  Response'	  sub	  codes	  comparison	  (total	  of	  39	  coded	  references)	  
0	  
1	  
2	  
3	  
4	  
5	  
6	  
How	  pr
oject	  w
as	  initi
ated	  
Project
	  Outpu
t	  
Studen
ts'	  resp
onse	  to
	  the	  pro
ject	  
Studen
ts'	  que
stions	  
Barrier
s	  encou
ntered
	  during
	  the	  
commu
nicatio
n	  of	  pr
inted	  e
lectron
ics	  
techno
logy	  to
	  design
ers	  
Genera
l	  conve
rsation
	  
Approa
ch	  in	  o
ther	  pr
ojects	  
0	  0.5	  
1	  1.5	  
2	  2.5	  
3	  3.5	  
General	  Conversation	   In	  relation	  to	  interviewer's	  research	   The	  project	  as	  a	  whole	   In	  relation	  to	  students	  
	   290	  
	  
	  
Figure	  149	  -­‐	  'Query'	  sub	  codes	  comparison	  (total	  of	  26	  coded	  references)	  
	  
The	   results	   from	   the	   sub	   codes	   revealed	   that	   the	   most	   discussed	   topic	   for	   both	  
positive	  and	  negative	  codes	  was	  in	  relation	  to	  students,	  which	  overall	  is	  a	  successful	  
result,	  as	  it	  shows	  that	  within	  industry,	  the	  students	  appear	  to	  be	  what	  the	  industry	  
expert	   was	   focussing	   on	   the	   most.	   However,	   the	   number	   of	   negative	   responses	  
outweighs	   the	   positives,	   although	  much	   of	   this	   was	   due	   to	   negative	   responses	   in	  
general	  conversation	  rather	  than	  their	  overall	  impression	  and	  feelings	  of	  the	  project.	  
The	  majority	  of	  the	  defensive	  responses	  from	  the	  industry	  expert	  were	  through	  self	  
doubt,	  regarding	  other	  people,	  and	  the	  reason	  for	  not	  attending	  a	  meeting.	  	  
	  
The	   topic	   that	   dominated	   the	   new	   information	   brought	   forward	   by	   the	   industry	  
expert	  was	  about	  an	  approach	  in	  other	  projects;	  this	  was	  an	  interesting	  result	  as	  the	  
researcher	  (prior	  to	  the	  interview)	  was	  not	  aware	  that	  the	  industry	  expert	  was	  also	  
involved	   in	   the	   other	   projects.	   Their	   experience	   and	   response	   produced	   valuable,	  
rich	  data	   for	   this	   research	  and	  provided	  an	  overview	  of	   all	   the	  projects	   and	  which	  
had	  the	  greatest	  impact	  for	  student	  experience.	  The	  industry	  expert’s	  queries	  were	  
to	  confirm	  the	  interview	  question,	  and	  in	  relation	  to	  the	  interviewer’s	  research,	  this	  
demonstrated	  their	  interest	  in	  the	  research	  topic.	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6.2.9.1	  Comparing	  opinions	  about	  all	  three	  case	  studies	  
	  
IE	   spoke	  about	   all	   three	   case	   studies	   throughout	   the	   interview,	   at	   the	   start	  of	   the	  
interview	  the	  researcher	  believed	  at	   first	  that	   IE	  was	  only	   involved	   in	  case	  study	  2,	  
however,	  it	  soon	  became	  apparent	  that	  they	  were	  involved	  with	  all	  three	  of	  the	  case	  
studies.	   Prior	   to	   the	   interview	   questions	   (and	   therefore	   knowledge	   of	   IE’s	  
widespread	   involvement	   with	   all	   of	   the	   case	   studies),	   the	   interviewer/researcher	  
asked	  IE	  to	  focus	  on	  the	  experiences	  during	  the	  case	  study	  2	  project,	  this	  therefore	  
has	   the	   greatest	   number	   of	   responses.	   If	   the	   interviewer	   had	   known	   about	   IE’s	  
widespread	  involvement	  prior	  to	  the	  interview,	  the	  questions	  may	  have	  been	  altered	  
to	   accommodate	   for	   addressing	   IE’s	   experiences	   of	   each	   of	   the	   projects	   more	  
equally.	  However,	  with	  this	  said,	  IE	  spoke	  about	  all	  three	  of	  the	  case	  studies,	  which	  
has	   resulted	   in	   rich	   data;	   and	   also	   some	   of	   the	   questions	   asked	   and	   subjects	  
discussed	   resulted	   in	   IE	   voicing	   their	   preference	   in	   project/case	   study,	   and	   with	  
regards	   to	  how	  engaging	  or	   successful	  each	  of	   the	  case	   studies	  were.	  The	   topic	  of	  
conversation	  during	  the	  interview	  has	  been	  compared	  to	  IE’s	  response	  in	  relation	  to	  
which	  case	  study	  (see	  Appendix	  11:	  Comparison	  table	  of	  the	  ‘topic	  of	  conversation’	  
and	  ‘IE’s	  response	  in	  relation	  to	  which	  case	  study’)	  in	  order	  to	  clearly	  identify	  which	  
points	  were	  made	  about	  which	  of	  the	  case	  studies	  discussed.	  
	  
	  
6.2.10	  Summary	  
	  
From	   this	   interview,	   there	   have	   been	   important	   points	   noted	   that	   need	   to	   be	  
considered	  when	  translating	  this	  technology	  to	  student	  designers.	  
	  
The	  students	  need	  to	  have	  commercial	   realism	   in	  terms	  of	  what	  makes	  sense	  with	  
this	   technology;	   so	  not	   just	   to	  wrap	  a	  high	   resolution	  display	  around	  a	  can,	  but	   to	  
apply	  this	  technology	  within	  the	  context	  of	  the	  company	  that	  they	  are	  designing	  for,	  
and	  also	  to	  be	  intuitive	  for	  users,	  something	  users	  can	  relate	  to,	  for	  example	  making	  
the	  lids	  of	  cans	  into	  printed	  electronic	  drums.	  	  
	  
For	  designers,	  and	  for	  companies	  talking	  to	  designers,	  emphasis	  needs	  to	  be	  on	  what	  
the	   technology	   can	   do,	   rather	   than	   focussing	   on	   the	   technology	   itself	   (technical	  
details).	  	  
	  
Design	   students	   appeared	   to	   benefit,	   or	   at	   least	   enjoyed	   the	   experience	   of	   taking	  
their	  design	  concepts	   further	   than	   just	  a	  presentation	  as	  an	  end	   to	  a	  project,	   they	  
enjoyed	   the	   ability	   to	   stand	   beside	   and	   represent	   their	   work	   in	   an	   exhibition	  
environment	   and	   experienced	   the	   challenging	   questions	   of	   others	   that	   were	   not	  
involved	   in	   the	   project	   to	   a	   much	   wider	   audience.	   This	   allowed	   the	   students	   to	  
explore	  their	  concepts	  more	  elsewhere	  through	  discussing	  their	  work	  with	  others.	  	  
	  
In	  each	  of	  the	  case	  study	  projects	  the	  industry	  expert	  said	  that	  the	  designers	  worked	  
in	  teams;	  this	  can	  be	  helpful	  when	  understanding	  a	  new	  technology.	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Two	  main	  barriers	  encountered	  in	  communicating	  printed	  electronics	  technology	  to	  
designers:	  
• Issue	  around	  understanding	  the	  technology	  itself	  
• Some	  of	  the	  technology	  is	  not	  ready	  yet,	  so	  there	  is	  a	  timeline	  issue	  
	  
From	  an	  industry	  perspective,	  the	  designers	  would	  be	  expected	  to	  have	  a	  degree	  of	  
design	  competence,	  to	  have	  some	  understanding	  of	  the	  processes	  to	  go	  through	  to	  
generate	  designs.	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7.0	   Educating	   designers	   about	   printed	  
electronics	  
	  
In	  this	  chapter,	   the	  research	  findings	  from	  the	  primary	  and	  secondary	  research	  are	  
brought	   together	   to	   create	   the	   printed	   electronics	   content	   for	   educating	   student	  
designers,	  and	  how	  to	  educate	  student	  designers	  about	  printed	  electronics.	  	  
	  
7.1	   Printed	   electronics	   content	   for	   educating	  
student	  designers	  
	  
In	  this	  section,	  printed	  electronics	  content	  for	  educating	  student	  designers	  has	  been	  
created	   from	   the	   primary	   and	   secondary	   research	   findings	   of	   this	   research.	  
Beginning	  with	  the	  secondary	  research,	  as	  discussed	  previously	  in	  this	  research	  study	  
(see	   section	   2.6.6	   Teaching	   children	   about	   electronics	   using	   conductive	   ink),	   some	  
printed	  electronics	  companies	  (AgIC	  Inc.,	  2015;	  Bare	  Conductive,	  2016;	  Electroninks,	  
2016a;	   Novalia,	   2016)	   have	   begun	   to	   try	   to	   educate	   children	   about	   electronics	  
through	  using	  their	  conductive	   ink	  products,	  and	  some	  of	  the	  companies	  have	  also	  
taken	   their	   products	   further	   to	   support	   the	  design	   and	   technology	   curriculum	  and	  
STEM/STEAM	   education	   in	   schools	   (Bare	   Conductive,	   2016;	   Electroninks,	   2016a).	  
Some	  of	   the	   companies	   also	   presented	   their	   products	   in	   relation	   to	   the	   individual	  
electronic	  component’s	  function;	  this	  idea	  of	  talking	  about	  electronic	  components	  in	  
relation	  to	  their	  functionality	  would	  evidently	  be	  beneficial	  to	  designers	  as	  this	  was	  
also	  highlighted	  particularly	  throughout	  the	  interviews	  with	  the	  educational	  experts	  
and	  the	  industry	  expert	  conducted	  within	  this	  research	  study.	  However,	  some	  of	  the	  
approaches	   taken	   by	   the	   printed	   electronics	   companies	   would	   not	   be	   so	  
transferrable	   to	   designers,	   such	   as	   only	   providing	   selected	   conventional	   electronic	  
components;	  this	  is	  suitable	  for	  when	  teaching	  school	  children	  about	  electronics,	  but	  
it	  would	  limit	  designers	  too	  much	  and	  therefore	  by	  limiting	  their	  knowledge,	  it	  could	  
have	   a	   detrimental	   effect	   on	   the	   design	   process	   and	   their	   final	   designs.	   When	  
studying	  these	  printed	  electronics	  companies,	  another	  obvious	  element	  was	  that	  the	  
companies	   were	   using	   conventional	   electronic	   components	   to	   be	   used	   with	   their	  
conductive	  ink	  product,	  this	  would	  also	  be	  another	  limiting	  factor	  for	  designers	  as	  it	  
would	   limit	   them	  when	   it	   comes	   to	   the	   form	   factor	   elements	   of	   their	   designs	   as	  
conventional	   electronics	   are	   not	   flexible,	   thin,	   or	   lightweight.	   Also,	   whilst	   using	  
conductive	   ink	   by	   hand	   could	   be	   useful	   for	   putting	   circuits	   together	   quickly	   for	   a	  
prototype	   or	   for	   electronics	   in	   a	   functioning	  model,	   designers	   could	   fully	   optimise	  
printed	   electronics	   if	   they	   had	   an	   understanding	   of	   the	   technology	   before	   the	  
product	   was	   designed,	   as	   then	   they	   could	   choose	   where	   to	   place	   the	   electronics	  
within	   the	   product,	   rather	   than	   the	   electronics	   being	   an	   afterthought,	   or	   thought	  
about	   in	   the	   same	  way	  as	   conventional	  electronics	  –	  where	  a	  box	   shaped	   space	   is	  
designed	  around	  and	  hidden	  within	  a	  product	  to	  allow	  for	  a	  box	  of	  electronics	  to	  be	  
fitted.	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This	   ‘PrintoCent	   Designer’s	   Handbook’	   was	   created	   specifically	   for	   industrial	  
designers	   and	   aimed	   to	   inform	   them	   about	   printed	   electronics,	   however	   when	  
reading	  the	  handbook,	  it	  has	  a	  very	  strong	  emphasis	  on	  the	  technological	  capabilities	  
of	   the	  components,	  which	  makes	   it	  obvious	  that	   it	  was	  written	  by	  technologists	  or	  
electronic	   design	   engineers	   rather	   than	   industrial	   designers.	   In	   the	   PrintoCent	  
printed	   electronic	   designer’s	   handbook,	   it	   is	   discussed	   that	   the	   viability	   of	   an	  
application	   or	   product	   is	   dependent	   on	   parameters,	   and	   that	   “product	   design	   is	  
compromises	   between	   numbers	   of	   parameters”	   (Neficon	   and	   PrintoCent,	   2015,	  
p.10).	  Typical	  technology	  and	  application	  parameters	  and	  requirements	  include:	  
	  
• “Complexity	  of	  the	  circuit	  and	  device	  
• Number	   of	   different	   devices	   (e.g.	   circuit,	   power	   supply,	   switch,	   sensor,	  
display)	  that	  are	  to	  be	  integrated,	  operating	  voltage	  and	  frequency	  
• Lifetime	   (shelf	   and	   operation),	   environmental	   stability	   and	   compatibility	  
against	  other	  materials	  
• Homogeneity,	  reliability,	  efficiency,	  recyclability	  etc.”	  
(Neficon	  and	  PrintoCent,	  2015,	  p.10)	  
	  
	  
In	   the	  OE-­‐A’s	  2015	  roadmap	  for	  organic	  and	  printed	  electronics	   (OE-­‐A,	  2015a),	   the	  
‘application’	  and	  ‘technology’	  parameters	  were	  separated	  into	  two	  lists:	  
	  
“The	   key	  application	  parameters	  distilled	   from	   the	   key	  parameters	   for	   each	  
application	  group	  were	  once	  again	  identified.	  These	  were	  found	  to	  be:	  
• Complexity	  (number	  of	  circuits	  and	  different	  kinds	  of	  devices)	  
• Flexibility	  /	  bending	  radius	  
• Lifetime	  /	  stability	  /	  homogeneity	  /	  reliability	  
• Efficiency	  (power	  consumption,	  energy	  conversion)	  
• Environmental	  and	  toxicological	  safety	  
• Cost	  
	  
The	  key	  technology	  parameters	  were	  also	  re-­‐examined	  and	  found	  to	  be:	  
• Mobility	  /	  electrical	  performance	  
• Resolution	  /	  registration	  
• Barrier	  properties	  /	  environmental	  stability	  
• Flexibility	  /	  bending	  radius	  
• Fit	  of	  process	  parameters	  
• Yield”	  
(OE-­‐A,	  2015a)	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Designers	   will	   need	   to	   understand	   and	   consider	   the	   effects	   of	   bending	   a	   flexible	  
printed	   circuit	   (Figure	   150)	   as	   it	   can	   affect	   the	   performance	   of	   the	   printed	  
components.	   When	   gathering	   primary	   data	   for	   this	   research,	   in	   the	   educator	  
interview	  with	   EECS3	   the	   design	   students	   asked	   questions	   about	   “the	   capacity	   of	  
resistance	  of	   the	  material	   that	   they	  are	  designing	   to	  go	   in	   shoes	   ‘I	  want	   to	  use	  an	  
elastomer,	  will	  your	  technology	  flex?’”,	  therefore	  proving	  that	  information	  related	  to	  
the	  these	  parameters	  are	  needed	  by	  designers	  to	  increase	  their	  understanding	  of	  the	  
technology	  to	  then	  utilise	  it	  in	  designs.	  
	  
	  
	  
Figure	  150	  -­‐	  Effect	  of	  bending	  a	  resistor	  (resistive	  layer)	  –	  thickness	  changes	  due	  to	  
direction	  of	  bending,	  which	  leads	  to	  the	  change	  of	  resistance	  
(Neficon	  and	  PrintoCent,	  2015,	  p.30)	  
	  
	  
In	   the	   PrintoCent	   Designer’s	   Handbook,	   they	   state	   in	   relation	   to	   the	   effects	   of	  
bending	   a	   flexible	   circuit	   or	   components,	   that	   currently:	   “there	   is	   a	   lack	   of	   a	   tool,	  
which	  in	  the	  ultimate	  case	  can	  combine	  the	  3D	  shape	  information	  (from	  a	  3D	  design	  
software,	   for	   example)	   and	   the	   not-­‐yet-­‐available	   knowledge	   of	   the	   sensitivity	   of	  
printed	   components	   to	   shape	   deformation	   caused	   by	   bending	   the	   printed	   system	  
onto	  the	  surface	  of	  a	  3D	  object	  or	  surface”	  (Neficon	  and	  PrintoCent,	  2015,	  p.30)	  and	  
that	  in	  order	  to	  create	  support	  for	  bending	  effects	  in	  a	  design	  system,	  the	  following	  
steps	  would	  be	  needed:	  “1)	  To	  create	   the	  knowledge	  on	   the	  behaviour	  of	  different	  
components	  as	  they	  are	  bent;	  2)	  To	  develop	  a	  reliable	  method	  to	  predict	  the	  change	  
of	  the	  electrical	  performance	  of	  a	  printed	  circuit	  when	  it	   is	  wrapped	  to	  an	  arbitrary	  
shape,	  and	  3)	  to	  create	  a	  tool	  to	  automate	  the	  process	  of	  back-­‐annotating	  the	  effects	  
of	  bending	  on	  electrical	  properties	   to	   the	  printed	  electronics	  design	   flow,	   so	   that	   it	  
can	   be	   used	   during	   simulation	   before	   the	   manufacturing,	   thus	   increasing	   the	  
probability	  of	  1st	  manufacturing	  run	  success”	  (Neficon	  and	  PrintoCent,	  2015,	  pp.30-­‐
31).	  	  
	  
If	  printed	  electronics	   is	  used	  as	  the	  main	  manufacturing	  technique	  then	  this	  allows	  
for	   elements	   such	   as	   OLED-­‐based	   displays	   to	   be	   produced	   in	   almost	   any	   shape	  
desired,	  which	  allows	  for	  creative	  freedom,	  therefore	  this	  means	  that	  there	  can	  now	  
be	   two	   different	   approaches	   to	   designing	   the	   electronics:	   artistic	   ambitions	  
(graphical),	   and	   electrical	   requirements	   (functionality).	   Difficulties	   between	   these	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two	  design	  worlds	  (graphical	  design	  and	  electronics	  design)	  can	  lead	  to	  problems	  in	  
functionality	   such	   as	   lighting	   and	   electrical	   (Figure	   151),	   if	   it	   is	   not	   carefully	  
considered	  during	  the	  design	  and	  simulation	  stages	   (Neficon	  and	  PrintoCent,	  2015,	  
p.31).	  	  
	  
	  
Figure	  151	  -­‐	  Printed	  OLED	  lighting:	  (a)	  Poorly	  designed	  electrical	  wiring	  leading	  to	  
non-­‐uniform	  OLED	  lighting,	  and	  (b)	  A	  better	  wiring	  providing	  more	  uniform	  lighting.	  
(Neficon	  and	  PrintoCent,	  2015,	  p.31)	  
	  
	  
The	  PrintoCent	  Designer’s	  Handbook	  explains	  about	  the	  uniformity	  of	  the	  lighting	  in	  
the	   printed	   OLED	   lighting	   design,	   that:	   “This	   effect	   is	   hard	   to	   predict	   for	   more	  
complex	   shapes	  without	  an	  automatic	   link	  between	  graphical	   and	  electrical	   design	  
simulations”	  (Neficon	  and	  PrintoCent,	  2015,	  p.31).	  The	  handbook	  also	  explains	  that	  
the	   graphical	   design	   aspect	   is	   most	   likely	   to	   be	   done	   by	   graphics	   designers	  
themselves	  with	  tools	  of	  their	  choosing,	  in	  which	  these	  design	  tools	  have	  no	  link	  to	  
electrical	   design	   tools	   used	  by	   the	  electronics	   designer;	   therefore	   they	  outline	   the	  
support	  needed	  when	  dealing	  with	  arbitrary	  shapes:	  	  
	  
• “To	  gather	  knowledge	  on	  the	  electrical	  behavior	  of	  components	  with	  arbitrary	  
shape	  
• To	   develop	   automatic	   methods	   and	   tools	   to	   back-­‐annotate	   shape	   related	  
effects	  on	  electrical	  behavior	  of	  components	  to	  the	  printed	  electronics	  design	  
flow	  
• To	  develop	  methods	  to	  reduce	  the	  effects	  of	  arbitrary	  shape	  to	  the	  electrical	  
properties	  of	  components	  without	  compromising	  the	  artistic	  representation	  of	  
the	  component”	  
(Neficon	  and	  PrintoCent,	  2015,	  p.31)	  
	  
	  
The	   PrintoCent	   Designer’s	   Handbook	   also	   mentions	   that:	   “similar	   effects	   can	   be	  
found	  in	  printed	  solar	  cells,	  in	  which	  case	  the	  artistic	  representation	  is	  not	  the	  reason	  
causing	  the	  arbitrary	  shape	  but	   the	  need	  to	  cover	  all	  otherwise	  empty	  areas	  of	   the	  
printed	  system	  to	  maximise	  power	  output”	  (Neficon	  and	  PrintoCent,	  2015,	  p.32),	  this	  
shows	   that	   in	   some	   cases	   such	   as	   when	   designing	   a	   product	   that	   collects/stores	  
power,	  such	  as	  solar	  cells,	  it	  is	  more	  important	  for	  the	  product	  to	  fulfil	  that	  function	  
over	   its	   aesthetics.	   In	   order	   to	   print	   graphical	   images	   as	   functional	   designs,	   the	  
recommended	  file	  format	  required	  is	  ‘.PDF’	  (Neficon	  and	  PrintoCent,	  2015,	  p.32).	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For	  designers,	   the	   initial	   concept	   is	  of	   importance	   rather	   than	   the	   technical	  details	  
(as	   found	   in	   the	  primary	   research	  of	   this	   research	   through	   the	   interviews	  with	   the	  
educator	   experts	   and	   industry	   expert,	   see	   section	   6.0	   Educator	   and	   Industry	  
interviews	  on	  ‘approaches’	  to	  the	  communication	  of	  printed	  electronics	  technology	  
to	  designers).	  The	  technical	  issues	  would	  become	  apparent	  after	  the	  design	  concept	  
stage,	  so	  at	  the	  prototyping	  stage	  early	  on	  and	  could	  most	  likely	  be	  easily	  solved	  with	  
attention	   to	   detail	   on	   the	   electrical	   design,	   as	   it	  would	   be	   a	   case	   of	   tweaking	   the	  
circuitry	  design,	  as	  opposed	  to	  major	  changes	  of	  the	  overall	  aesthetics	  of	  a	  product.	  
EECS3	   pointed	   out	   that	   the	   creation	   of	   a	   prototype	   that	   works	   is	   the	   task	   of	  
technology	   developers,	   not	   designers,	   and	   that	   therefore	   companies	   who	   want	   a	  
working	   prototype	   need	   to	   “pay	   a	   development	   company	   some	   money	   to	   make,	  
whatever	   ideas	   they	   went	   with,	   they’d	   have	   to	   pay	   someone	   else	   to	   make	   them	  
happen”.	  EECS3	  described	  the	  output	  from	  the	  student	  designers	  as	  being	  “a	  fairly	  
well	  developed	  product	  idea,	  because	  they	  delivered	  it	  as	  a	  CAD	  model,	  because	  they	  
delivered	  a	  clear	  visual,	  and	  because	  they	  delivered	  their	  story	  board	  and	  the	  reason	  
for	   the	  product,	  you	  could	  almost	  say	   it	  was	  enough	  for	  someone	  to	  go	  ahead	  and	  
manufacture.	  You	  would	  have	  to	  go	  through	  the	  full	  development	  stage;	  we	  couldn’t	  
do	  the	  full	  development	  on	  it”.	  	  
	  
Designers	  may	  also	  need	  to	  keep	  in	  mind	  when	  designing	  with	  this	  technology	  if	  they	  
are	  thinking	  about	  combining	  it	  with	  graphical	  printing,	  that	  with	  printed	  electronics	  
technology	  printing	  presses:	  “there	  is	  no	  way	  you	  bolt	  this	  onto	  an	  existing	  printing	  
company”	   (Romano,	   R.,	   2014).	   Packaging	   printers	   with	   their	   ‘smart	   packages’	   has	  
been	  a	  top	  application	  in	  printed	  electronics,	  in	  which	  these	  smart	  packages	  have	  the	  
ability	  to	  sense	  their	  environment,	  such	  as	  motion,	  light,	  x-­‐rays,	  heat,	  temperature,	  
magnetic	  fields,	  UV	  light	  etc.	  and	  the	  value	  in	  this	  is	  the	  ability	  to	  access	  and	  analyse	  
this	   data.	   This	   is	   important	   for	   designers	   to	   consider,	   as	   they	   need	   to	   think	   about	  
what	  value	  this	  technology	  will	  add	  or	  bring	  to	  a	  product	  and	  how	  it	  can	  be	  useful	  
within	   that	   product.	   Designers	   need	   to	   be	   aware	   of	   the	   differences	   between	  
‘printing’	   and	   ‘printed	   electronics’:	   	   printing	   is	   “the	   graphic	   embellishment	   of	  
surfaces”,	   and	   printed	   electronics	   is	   “the	   functional	   enhancement	   of	   surfaces”	  
(Romano,	  R.,	  2014).	  
	  
Within	  printed	  electronics	  printing	  presses,	  there	  is	  a	  press	  that	  exists	  that	  makes	  it	  
possible	  to	  configure	  a	  press	  that	  could	  contain	  a	  range	  of	  different	  printing	  presses	  
within	   it;	   for	   example,	   two	   flexographic	   units,	   two	   gravure	   units,	   and	   two	   inkjet	  
units:	  “Omet	  manufactures	  a	  reconfigurable	  press	  that	  allows	  users	  to	  swap	  printing	  
units	  in	  and	  out	  as	  they’re	  needed”	  (Romano,	  R.,	  2014).	  This	  is	  useful	  when	  printing	  
different	  electronic	  components,	  as	  for	  example	  rotary	  screen	  printing	  could	  be	  used	  
for	   an	   antenna,	   and	   gravure	   could	  be	  used	   for	   components	   that	   need	   finer	   traces	  
such	  as	  for	  logic	  (Romano,	  R.,	  2014).	  	  
	  
In	   PrintoCent’s	   Designer’s	   Handbook	   (aimed	   at	   industrial	   designers),	   the	  
requirements	   for	   printed	   electronics	   design	   is	   defined	   and	   outlined	   as	   follows	  
(Neficon	  and	  PrintoCent,	  2015,	  p.28):	  	  
	  
For	  feasibility	  evaluation	  the	  following	  data	  should	  be	  available:	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• Data	  of	  component	  availability,	  performance,	  reliability	  and	  restrictions	  
• Instructions	  for	  material	  and	  process	  (and	  manufacturer)	  selection	  
• Data	  for	  cost	  estimation	  
• Design	  examples	  of	  similar	  applications	  
	  
In	  an	  ideal	  situation	  the	  following	  things	  should	  be	  available	  for	  actual	  design	  work:	  
• Design	  rules	  for	  components,	  wiring,	  assembly	  and	  testing	  
• Design	  software	  and	  a	  design	  kit	  including:	  
o Schematic	  symbols	  for	  components	  
o Simulation	  models	  for	  components	  
o Layout	  symbols	  for	  components	  
o Electrical	  rules	  check	  
o Integration	  of	  mechanical	  and	  graphics	  design	  data	  
o Correct	  output	  file	  formats	  or	  reliable	  format	  converters	  
• For	  complex	  designs	  (large	  number	  of	  transistors)	  
o Comprehensive	  component	  library	  
o Automated	  layout	  tools	  
o Back-­‐annotation	   of	   layout	   parasitics	   (e.g.	   wire	   resistances,	  
capacitances	  and	  inductances)	  to	  the	  simulator	  
o Layout	  versus	  schematic	  check	  
(Neficon	  and	  PrintoCent,	  2015,	  p.28)	  
	  
It	   also	   says	   in	   the	   handbook	   that	   design	   kits	   and	   proper	   process	   documentation	  
(design	   rule	   manual)	   are	   currently	   only	   in	   an	   initial	   state,	   and	   originating	   from	  
different	   research	  projects,	   and	  are	  not	  yet	  mature	  and	  comprehensive	  enough	   to	  
support	  electronic	  design	  automation	  (EDA)	  tools	  for	  printed	  electronics	  design	  work	  
(Neficon	  and	  PrintoCent,	  2015,	  p.28).	  	  
	  
The	  primary	  data	  gathered	   in	   this	   research	   through	   interviews	   supports	  enhancing	  
designers	  awareness	  of	   the	  printed	  electronics	   technology,	   as	   IE	  explained	   that	  by	  
showing	  them	  demonstrators	  and	  existing	  products	  helped	  in	  their	  understanding	  of	  
the	   technology:	   “They	   looked	   at	   some	   of	   the	   demonstrator	   products	   that	   we	  
currently	   have	   on-­‐site	   here,	   products	   that	   are	  made	   using	   printed	   electronics,	   and	  
then	  they	  also	  had	  a	   look	  at	  the	  facility	  where	  these	  printed	  electronic	  components	  
are,	   or	   printed	   electronics	   is	   developed	   …	   it	   was	   clear	   from	   some	   of	   the	   projects’	  
outcomes	   that	   they	   were	   well	   aware	   of	   some	   of	   the	   demonstrators	   that	   we	   had	  
around”.	  
	  
When	   designing	   with	   this	   technology,	   it	   would	   help	   designers	   to	   know	   about	   the	  
substrate	  materials	  typically	  used	  for	  producing	  printed	  electronics,	  educators	  could	  
refer	   to	   this	   technical	   information	   (Table	   18)	   and	   translate	   it	   into	   a	   language	   that	  
designers	   can	   more	   easily	   relate	   to.	   Designers	   would	   not	   be	   limited	   to	   these	  
particular	  materials,	  but	   information	  on	  this	  topic	  would	  provide	  them	  with	  a	  good	  
basis	   from	   which	   to	   work	   as	   the	   parameters	   and	   properties	   of	   substrates	   are	  
important	   selection	   criteria,	   such	   as	   stiffness,	   dimensional	   stability,	   thickness,	  
smoothness,	   electrical	   insulation,	   and	   transparency.	   This	   selection	   of	   suitable	  
substrates	   can	   be	   affected	   by	   a	   variety	   of	   factors,	   such	   as:	   thermal,	   physical,	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mechanical,	   and	   fluidic	   properties;	   cost	   and	   availability	   of	   the	   substrate.	   Other	  
substrates	  with	  a	  variety	  of	  pros	  and	  cons	   include	  paper,	  plastics,	  glass,	  metal,	  and	  
textiles	   (Neficon	   and	   PrintoCent,	   2015,	   p.36).	   A	   need	   for	   this	   type	   of	   information	  
when	   presenting	   printed	   electronics	   technology	   to	   designers	  was	   also	   apparent	   in	  
the	  primary	  data	  collected	  in	  this	  research	  through	  the	  interviews	  with	  educator	  and	  
industry	   experts,	   with	   the	   findings	   showing	   the	   need	   for	   communicating	   the	  
technology’s	   parameters	   via	   its	   technological	   constraints	   and	   limitations,	   as	  EECS2	  
described	  these	  as	  being	  the	  technology’s:	  “power,	  battery	  life,	  levels	  of	  illumination,	  
amount	  of	  memory	  that	  can	  be	   incorporated”.	  EECS3	  also	  described	  understanding	  
the	  materials	  limitations	  of	  the	  technology	  as	  being	  overwhelming	  to	  students	  who	  
had	  not	  previously	  studied	  a	  science,	  and	   that	   the	  students	  asked	  questions	  about	  
the	  technology’s	  limitations	  such	  as	  “What	  are	  the	  radius	  you	  can	  print	  around?”	  and	  
“How	  feasible	  is	  it?”.	  IE	  described	  how	  there	  was	  a	  lot	  of	  questions	  from	  the	  design	  
students	  about	  “what	  is	  possible	  with	  printed	  electronics”	  and	  the	  understanding	  of	  
the	  technology’s	  technical	  details	  in	  terms	  of	  “being	  able	  to	  get	  printed	  electronics	  to	  
work	   on	   a	  metal	   can”.	   IE	   also	   pointed	   out	   that	   designers	   need	   to	   understand	   the	  
constraints	  of	   the	   company	   that	   they	  are	  designing	   for	  or	  with,	   to	  understand	   the	  
company’s	  requirements,	  limitations,	  and	  desires	  such	  as	  needing	  to	  fit	  in	  with	  their	  
existing	   product	   range	   and	   that	   it	   may	   need	   to	   align	   with	   their	   manufacturing	  
process,	  but	  beyond	  this	  provided	  narrow	  focus	  of	  a	  company	  (usually	  in	  the	  form	  of	  
a	  brief),	  and	  once	  the	  designers	  have	  considered	  the	  constraints	  associated	  with	  the	  
needs	  of	  the	  company,	  the	  designers	  have	  then	  “affectively	  got	  a	  lot	  of	  freedom	  then	  
and	  in	  terms	  of	  what	  this	  technology	  can	  deliver”	  in	  relation	  to	  design.	  Knowledge	  of	  
the	   limitations	   of	   the	   technology	   is	   very	   important	   for	   designers,	   as	   IE	   explained	  
there	   can	   be	   a	   ‘timeline	   issue’	   where	   designers	   may	   want	   to	   design	   with	   the	  
technology,	  but	  the	  technology	  itself	  is	  not	  yet	  ready	  to	  be	  designed	  with	  as	  it	  may	  
not	   be	   at	   a	   stage	  where	   it	   can	   be	  mass	  manufactured,	   or	   that	   it	   is	   reliable	   in	   its	  
electrical	  performance	  etc.,	   IE	  explained:	  “there	  may	  be	  a	  desire	   to	  develop	  design	  
concepts,	  but	  the	  technology	  is	  not	  practical,	  some	  of	  the	  technology	  is	  not	  practical	  
to	  them”,	  so	  the	   limitations	  of	  the	  technology	  need	  to	  be	  communicated	  clearly	  to	  
designers	  so	  that	  they	  can	  consider	  the	  these	  limitations	  when	  it	  comes	  to	  design.	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Table	  18	  -­‐	  Typically	  used	  substrate	  materials	  
(Neficon	  and	  PrintoCent,	  2015,	  p.37)	  
Substrate	  
Material	  
Recommendation/Notes	  
PET	   Recommended	  for	  general	  use	  
Notes:	  
• Recommended	  as	   PET	  heat	   stabilised,	  Adhesion	   treated	  on	  one	  
side	  
• Typical	  Thickness	  125	  _m	  (available	  in	  many	  thicknesses)	  
• Max	  use	  T	  150°C	  	  
• e.g.	  Melinex®	  ST504	  
ITO-­‐PET	   Recommended	   for	   active	   components	   (OPV,	   OLED,	   EC	   etc.)	   patterning	  
with	  etching	  
Notes:	  
• e.g.	  OC™50	  ST504	  (50	  Ohm/☐,	  transmission	  85%)	  
PEN	   Can	  be	  used,	  especially	  when	  better	  heat	  stability	  needed	  
Notes:	  
• e.g.	  Teonex®	  Q51	  
• Teonex®	   Q65	   when	   high	   surface	   quality	   needed	   for	   thin	   film	  
printing	  
PC	   Can	  be	  used	  
Notes:	  
• e.g.	  LEXAN™	  8010	  
Acrylic/	  
PMMA	  
Recommended	  for	  hot-­‐embossing	  
Notes:	  
• Good	  optical	  properties	  
• Thickness	  depending	  on	  depth	  of	  features	  125/175/375/500	  _m	  
• e.g.	  Plexiglas®	  99524	  
COC	   Can	  be	  used	  for	  hot-­‐embossing	  
Notes:	  
• Thickness	  depending	  on	  depth	  of	  features	  
• e.g.	  Tekniplex®	  COC	  240	  
PI	   Can	  be	  used	  when	  standard	  soldering	  needed	  
Notes:	  
• Expensive	  
Paper	   Can	  be	  used	  for	  special	  applications	  
Notes:	  
• Absorbs	  moisture	  
• Good	  printability	  
• Emerging,	  commercial	  materials	  now	  available	  
Flex	  glass	   Recommended	  for	  sheet	  encapsulation	  
Notes:	  
• Commercially	   available	   in	   various	   types	   and	   thicknesses	   of	  
between	  25	  and	  100	  μm	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Following	   the	   interviews	  within	   this	   research	   study,	   it	  was	   found	   that	   the	   student	  
designers	   wanted	   to	   know	   a	   short-­‐term	   forecast	   of	   the	   technology,	   in	   which	   the	  
Roadmap	  from	  the	  PrintoCent	  designer’s	  handbook	  (Neficon	  and	  PrintoCent,	  2015)	  
has	  provided	  their	  version,	  however	  in	  order	  for	  designers	  to	  better	  understand	  the	  
information,	  the	  doctoral	  researcher	  has	  translated	  the	  information	  that	  is	  relevant	  
for	  student	  designers	  in	  regards	  to	  implementing	  the	  technology	  within	  a	  design	  (see	  
Appendix	  12:	  Table	  of	  PrintoCent	  designer’s	  handbook	  1-­‐3	  Year	  Roadmap,	  and	   the	  
researcher’s	  translation	  of	  the	  information	  that	  is	  relevant	  to	  student	  designers).	  
	  
Whilst	   keeping	   in	   mind	   the	   education	   literature	   and	   the	   recommendations	   /	  
suggestions	   from	   the	   education	   expert	   interviews	   and	   EECS2,	   the	   taxonomy	   of	  
printed	   electronics	   with	   TRL	   grading	   (Figure	   127),	   was	   transformed	   into	   a	   visual	  
source	   to	   represent	   the	   information	   (also	   incorporating	   printing	   processes	   icons	  
(Figure	   152))	   in	   a	   way	   that	   designers	   can	   more	   easily	   relate	   to	   and	   understand	  
(Figure	  153).	  	  As	  many	  of	  these	  printing	  processes	  can	  be	  produced	  using	  roll-­‐to-­‐roll	  
methods,	   to	   increase	   understanding	   for	   designers	   the	   individual	   characteristics	   of	  
each	  printing	  process	  and	  to	  be	  able	  to	  differentiate	  between	  them,	  they	  therefore	  
need	   to	   identified	   and	   represented	   using	   visuals.	   This	   has	   been	   created	   as	   five	  
different	  printing	  processes	  icons,	  each	  of	  which	  shows/visually	  represents	  the	  basic	  
principles	  of	  each	  printing	  process	   (Figure	  152).	  These	   include	  screen-­‐printing	  with	  
the	   icon	   showing	  how	   the	   ink	   is	   transferred	  onto	   the	   substrate	   through	  holes	   in	  a	  
screen	   (similar	   to	   how	   a	   stencil	   works)	   by	   using	   a	   squeegee	   to	   distribute	   the	   ink	  
evenly	   over	   the	   screen.	   The	   icon	   for	   gravure	   printing	   shows	   how	   the	   ink	   is	  
transferred	  onto	  the	  substrate	  using	  an	  engraved	  image	  plate,	  and	  the	  flexographic	  
printing	   icon	   shows	   that	   the	   ink	   is	   transferred	   to	   the	   substrate	   via	   a	   raised	   image	  
area	  (similar	  to	  how	  a	  rubber	  stamp	  works).	  The	  icon	  for	  lithographic	  printing	  shows	  
that	  this	  process	  works	  on	  the	  principle	  that	  oil	  and	  water	  do	  not	  mix,	  and	  how	  both	  
ink	  (similar	  to	  oil)	  and	  water	  are	  poured	   into	  the	  printing	  process,	  and	  the	  printing	  
plates	   are	   made	   up	   of	   hydrophilic	   non-­‐image	   areas	   (attracts	   the	   water)	   and	  
hydrophobic	  image	  areas	  (repels	  the	  water	  and	  only	  the	  ink	  will	  stick	  to	  these	  areas).	  
The	   icon	   for	   inkjet	   printing	   shows	   how	   ink	   droplets	   are	   fired	   onto	   the	   substrate,	  
demonstrating	   how	   no	   printing	   plate	   comes	   into	   contact	   with	   the	   substrate.	   By	  
communicating	   these	   printing	   processes	   through	   these	   visual	   graphic	   icon	  
representations,	   it	   increases	   understanding	   of	   the	   principles	   of	   each	   process	   and	  
therefore	  when	  designing,	  designers	  can	  use	  this	  knowledge	  to	  consider	  and	  decide	  
which	  process	  to	  use	  for	  the	  design,	  so	  for	  example,	  if	  the	  design	  was	  produced	  via	  
an	  additive	  method	  of	  manufacture	  such	  as	  3D	  printing,	  or	  the	  shape	  of	  the	  product	  
was	  very	   complex	  and	  circuitry	  was	  needed	  on	   the	  design’s	   complex	   surface,	   then	  
inkjet	  may	  be	  the	  preferred	  printing	  choice	  as	  it	  does	  not	  need	  to	  come	  into	  contact	  
with	  the	  substrate	  or	  object	  when	  printing.	  
	  
	  
Figure	  152	  -­‐	  Printing	  processes	  icons
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Figure	  153	  -­‐	  TRL	  Graded	  Taxonomy	  of	  Printed	  Electronics	  -­‐	  Visual	  Representation	  for	  Designers	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The	   taxonomy	   of	   printed	   electronics	  was	   also	   transformed	   into	   a	   visual	   source	   to	  
represent	   the	   information	   in	   a	   way	   that	   designers	   can	   more	   easily	   relate	   to	   and	  
understand	   through	   visually	   representing	   the	   electronic	   components’	  
characteristics/function	   within	   icons	   (Figure	   154),	   and	   the	   definitions	   for	   the	  
taxonomy	   of	   printed	   electronics	   were	   worded	   in	   a	   way	   (avoiding	   technical	  
terminology)	   that	   designers	   can	   understand	   and	   relate	   to	   (Figure	   155).
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Figure	  154	  -­‐	  Taxonomy	  of	  Printed	  Electronics	  –	  Visual	  Representation	  for	  Designers
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Figure	  155	  -­‐	  Definitions	  for	  the	  Taxonomy	  of	  Printed	  Electronics	  –	  Visual	  Representation	  for	  Designers	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The	   following	   is	  a	  walkthrough	  scenario	  of	  how	  these	  diagrams	   (Figure	  153,	  Figure	  
154,	  and	  Figure	  155)	  would	  be	  applied	  in	  the	  case	  of	  a	  designer	  applying	  this	  printed	  
electronics	   technology	   to	   a	   new	   product.	   The	   designer	   is	   made	   aware	   of	   printed	  
electronics	  technology	  and	  its	  overall	  benefits	  of	  being	  thin,	  lightweight,	  flexible,	  and	  
that	   it	  uses	  minimal	  raw	  materials,	  either	  through	  their	  own	  research	  efforts	  or	  an	  
individual	   mentioning	   or	   introducing	   this	   technology	   to	   them.	   The	   taxonomy	   of	  
printed	   electronics	   (Figure	   154)	   can	   be	   used	   by	   designers	   to	   increase	   their	  
understanding	  of	   the	  different	  areas	  of	   the	  technology	   in	   relation	  to	   the	   individual	  
electronic	  components’	  characteristics/function	  and	  how	  the	  components	  relate	  to	  
each	  other,	  for	  example,	  that	  the	  areas	  of	  ‘sensors’	  and	  ‘displays’	  are	  created	  using	  a	  
combination	  of	   ‘passive	  components’	  and	   ‘active	  components’.	  Designers	   can	   then	  
refer	   to	   the	   definitions	   for	   the	   taxonomy	   of	   printed	   electronics	   (Figure	   155)	   to	  
further	   their	   understanding	   of	   each	   of	   the	   areas	   of	   printed	   electronics	   and	   the	  
individual	   electronic	   components,	   which	   are	   worded	   in	   a	   way	   (avoiding	   technical	  
terminology)	  that	  designers	  can	  relate	  to	  and	  understand.	  Equipped	  with	  this	  basic	  
knowledge	   covering	   the	   different	   electronic	   elements	   of	   printed	   electronics	   and	  
their	   functions,	   and	  with	   an	   end	   user	   (who	   it	   is	   for)	   and	   type	   of	   product	   (sports,	  
beauty,	  health,	  household,	  etc.)	  in	  mind,	  designers	  can	  begin	  to	  create	  new	  designs.	  
Designers	  can	  also	  refer	   to	  the	  TRL	  graded	  taxonomy	  of	  printed	  electronics	   (Figure	  
153)	   to	   gain	   an	   understanding	   of	   what	   stage	   of	   development	   each	   electronic	  
element	   of	   the	   taxonomy	   of	   printed	   electronics	   has	   currently	   reached,	   which	  
printing	  processes	  can	  be	  used	  to	  produce	  that	  specific	  electronic	  element,	  and	  also	  
if	   any	   other	   post-­‐process	   (other	   than	   printed	   electronics)	   is	   required	   in	   order	   to	  
produce/create	  the	  electronic	  element.	  This	  is	  an	  important	  aspect	  of	  designing	  with	  
printed	  electronics	   technology	  as	   it	  can	  have	  a	  direct	   impact	  on	  how	  much	  an	  end	  
product	   will	   cost,	   as	   usually	   if	   a	   variety	   of	   different	   printing	   processes	   are	   used	  
and/or	   the	  more	   post	   processes	   required	   to	   produce	   the	   electronic	   elements,	   the	  
higher	  the	  cost	  of	  manufacture	  will	  be.	  If	  all	  the	  printed	  electronic	  elements	  can	  be	  
produced	  using	  the	  same	  method	  of	  manufacture,	  for	  example	  screen	  printing,	  then	  
this	  would	  help	   to	  keep	  costs	  down	  as	   the	  same	  screen	  printing	  machine	  could	  be	  
used	   to	   produce	   all	   of	   the	   different	   electronic	   elements	   (keeping	  
running/maintenance	   costs	   down),	   simply	   by	   using	   different	   patterned	   printing	  
screens/plates	  and	  different	  ink	  formulations.	  	  
	  
Following	   this	   research,	   it	   is	   apparent	   when	   reviewing	   the	   printed	   electronics	  
product	   examples	   (2.4.2	  Printed	  electronics	  product	   examples	   and	  Appendix	   1:	   In-­‐
depth	  examination	  of	  printed	  electronics	  product	  examples)	  that	  if	  the	  designers	  of	  
these	  products	  would	  have	  had	  a	  broader	  view	  of	  printed	  electronics,	  being	  aware	  of	  
other	   areas	   of	   the	   technology	   and	   therefore	   not	   limited	   to	   just	   one	   company’s	  
knowledge	   and	   abilities	   (in-­‐house	  manufacturing	   constraints),	   then	   this	   may	   have	  
changed	   or	   effected	   the	   end	   design	   outputs.	   If	   designers	   had	   the	   tools	   that	  were	  
created	  to	  help	  communicate	  printed	  electronics	  technology	  to	  them	  through	  visual	  
representations	  and	  carefully	  selected	  wording:	  the	  taxonomy	  of	  printed	  electronics	  
and	  the	  TRL	  graded	  taxonomy	  (Figure	  153,	  Figure	  154,	  and	  Figure	  155),	  they	  would	  
have	   an	   increased	   understanding	   of	   the	   technology’s	   different	   areas	   and	  
functionalities	   (classifications),	   and	   also	  which	   level	   of	   development	   (technological	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status)	   each	   element	   of	   the	   technology	   has	   achieved.	   An	   increased	   knowledge,	  
awareness,	  and	  understanding	  of	  printed	  electronics	  would	  help	  designers	  to	  make	  
informed	   decisions	   during	   the	   design	   phase,	   and	   analysis	   of	   their	   designs.	   If	  
designers	  were	  aware	  of	  what	   is	  and	   is	  not	  possible	  with	  printed	  electronics	   (form	  
and	   functionality),	   this	   would	   help	   them	   to	   determine	   whether	   their	   designs	   are	  
viable	   or	   not,	   this	   increased	   knowledge	   of	   the	   technology	   and	   therefore	   ability	   to	  
further	  analyse	  their	  designs	  and	  make	  informed	  decisions	  enables	  designers	  in	  the	  
exploration	  with	  printed	  electronics	   in	   the	   early	   design	  phases,	  meaning	   that	   they	  
are	  then	  less	  reliant	  on	  and	  influenced	  by	  the	  technologists’	  expertise.	  	  
	  
	  
7.1.1	  Considering	  the	  end	  users	  	  
	  
Designers	  will	  need	  to	  consider	  their	  end	  user	  when	  designing	  products	  with	  printed	  
electronics	   technology,	  with	   regards	   to	  usability	  as	   this	   technology	  can	   range	   from	  
being	   extremely	   delicate	   to	   very	   flexible	   and	   robust	   depending	   on	   the	   ink	  
formulations,	   the	   substrate	   the	   inks	   are	   applied	   onto,	   and	   whether	   it	   has	   been	  
encapsulated	  or	  not.	  As	  it	  is	  a	  relatively	  new	  technology	  and	  only	  recently	  appearing	  
in	   products,	   it	   provides	   an	   opportunity	   for	   designers	   to	   inspire	   or	   pitch	   this	  
technology	  to	  end	  users	  in	  relation	  to	  user-­‐product	  interaction.	  	  
	  
Printed	  electronics	  could	  be	  applied	  to	  designs	  in	  such	  a	  range	  of	  different	  ways,	  but	  
designers	  could	  also	  choose	  whether	   the	  electronics	  are	   ‘hidden’	  or	   ‘visible’	   to	   the	  
user.	   Designers	   can	   get	   creative	   with	   how	   they	   present	   or	   communicate	   this	  
technology	   to	  end	  users	   through	   the	  design	  of	  products.	  Designers	   could	   focus	  on	  
different	  aspects	  of	  this	  technology	  when	  designing,	  such	  as:	  lifestyle,	  sustainability,	  
physical	   characteristics	   (flexible,	   thin),	   functionality,	   changing	   perspectives	   on	  
electronics	  as	  they	  are	  no	  longer	  rigid	  and	  can	  be	  more	  engaging	  for	  users,	  keeping	  
up-­‐to-­‐date	   with	   ever	   evolving	   advances	   in	   our	   existing	   devices,	   such	   as	   using	   our	  
existing	  smartphones	  as	  a	  communication	  platform	  or	   interface	  by	  using	  near	   field	  
communication	   (NFC)	   to	   communicate	   with,	   collect	   and	   read	   data	   that	   has	   been	  
gathered	  by	  printed	  electronic	  products.	  	  
	  
Designers	  often	  use	  metaphors	  to	  enhance	  a	  product’s	  appeal	  and	  meaningfulness,	  
using	  them	  as	  a	  method	  or	  tool	  during	  the	  design	  process:	  “to	  help	   identify,	   frame	  
and	   solve	   design	   problems;	   break	   away	   from	   the	   limitations	   imposed	   by	   problem	  
constraints;	  and	  justify	  design	  decisions”	  (Hekkert,	  P.	  and	  Cila,	  N.,	  2015,	  pp.198-­‐199).	  
Hekkert	   and	   Cila	   define	   a	   ‘metaphor’	   as	   “a	   transfer	   of	   properties	   from	   source	   to	  
target”	   and	   explain	   how	   a	   ‘product	   metaphor’	   differs	   to	   this,	   as	   in	   product	  
metaphors:	   1)	   the	   target	   and	   source	   are	   literally	   merged	   and	   are	   physically	  
incorporated	   into	   a	   single	   product,	   2)	   designers	   are	   responsible	   for	   making	   the	  
physical	   manifestation	   of	   the	   features	   they	   wish	   to	   map	   from	   source	   to	   target	  
tangible	   and	   perceivable	   to	   users	   via	   the	   formal	   properties	   of	   the	   target,	   and	   3)	  
product	   metaphors	   can	   be	   multimodal	   as	   a	   designer	   has	   control	   over	   how	   a	  
product’s	   form	   conveys	   a	   metaphorical	   message	   and	   the	   metaphors	   can	   be	  
suggested	   using	   a	   variety	   of	   instantiations,	   or	   ‘modes’	   (form,	   interaction,	   sound,	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movement,	  material/texture,	  smell/taste,	  name,	  and	  graphics)	  (Hekkert,	  P.	  and	  Cila,	  
N.,	  2015,	  pp.199-­‐200,	  206-­‐208).	  When	  designers	  generate	  a	  product	  metaphor	  they	  
typically	  have	  the	  intention	  to	  provide	  the	  users	  with	  some	  kind	  of	  experience,	  with	  
their	   intention	   being	   either	   ‘pragmatic’	   to	   enable	   the	   fulfilment	   of	   functional	   or	  
instrumental	   goals,	   or	   ‘experiential’	   to	   provide	   semantic,	   emotional,	   aesthetic,	   or	  
sensorial	   experiences	   to	   users	   (Hekkert,	   P.	   and	   Cila,	   N.,	   2015,	   p.	   200).	   Similar	   to	  
teaching	   users	   how	   to	   interact	   or	   use	   a	   product,	   such	   as	   the	   action	   of	   using	   the	  
thumb	  and	  index	  finger	  gesture	  to	  enlarge	  pictures	  on	  a	  smartphone	  -­‐	  which	  is	  now	  
performed	   intuitively	  by	  users,	  but	  originally	  behind	   this	   intuition	   there	  must	  have	  
been	  some	  degree	  of	  early	  experience	  with	  image-­‐manipulating	  computer	  software	  
and	   touch	  screens	   (Hekkert,	  P.	  and	  Cila,	  N.,	  2015,	  p.	  206)	   -­‐	  designers	  may	  need	   to	  
employ	  a	  similar	  approach	  when	  guiding	  users	  on	  how	  to	  use	  the	  printed	  electronic	  
elements	   within	   their	   product	   designs.	   Designers	   may	   find	   it	   useful	   to	   employ	   a	  
metaphor	   when	   designing	   with	   printed	   electronics	   technology	   when	   it	   comes	   to	  
translating	  the	  designed	  product	  to	  users,	  such	  as	  if	  the	  technology	  is	  flexible	  within	  
the	  design,	   the	  user	  may	  need	  to	  be	  careful	  when	  handling	  the	  printed	  electronics	  
element	  of	  the	  product	  so	  as	  not	  to	  damage	  the	  circuitry.	  For	  example,	  metaphors	  
could	  be	  used	   to	   guide	  users	  how	   to	  use	   the	  product	  by	   linking	   it	  with	   something	  
light-­‐weight	   and	   delicate,	   and	   selling	   it	   as	   a	   quality	   product	   that	   must	   be	   looked	  
after,	  such	  as	  when	  designing	  with	  a	  rollable	  display,	  putting	  emphasis	  on	  its	  rollable	  
characteristic	   and	   being	   able	   to	   be	   rolled	   away	   in	   order	   to	   protect	   it	   and	   keep	   it	  
compact	  (by	  selling	   it	  as	  a	  quality	  product,	  and	  as	  a	  precious	  object	  when	  handling	  
and	   storing	   the	  printed	  electronic	   element	  of	   the	  product	  design).	   This	  method	  of	  
‘how’	   to	  communicate	   the	  metaphoric	  meaning	  to	   the	  user	   is	  called	  the	   ‘mapping’	  
stage,	  where	  the	  metaphor	   is	  “physically	  applied	  by	  transferring	  source	  cues	  to	  the	  
target,	   i.e.	   by	   incorporating	   the	   source’s	   specific	   details	   or	   overall	   character	   to	   a	  
newly	   reshaped	   target”	   by	   using	   various	   means	   or	   ‘modes’	   categories:	   form,	  
interaction,	   sound,	   movement,	   material/texture,	   smell/taste,	   name,	   and	   graphics	  
(Hekkert,	  P.	  and	  Cila,	  N.,	  2015,	  p.	  206-­‐208).	  
	  
Alternatively	  the	  designer	  could	  make	  the	  printed	  electronics	  technology	  within	  the	  
design/product	   damage	   proof,	   by	   encapsulating	   it	   within	   or	   behind	   glass.	   A	  
moulded/shaped	  piece	  of	  glass	  with	  the	  printed	  electronics	  technology	  inside	  could	  
show	  its	  flexible	  and	  thin	  etc.	  characteristics,	  but	  still	  be	  robust	  enough	  for	  the	  end	  
user	   to	   handle	  without	   excessive	   amounts	   of	   caution	   or	   the	   fear	   of	   damaging	   the	  
product.	   The	   electronics	   could	   also	   simply	   be	   protected	   or	   hidden	   from	   the	   user,	  
such	   as	   behind	   foam,	   in	   fabrics,	   behind	   moulded	   plastics	   such	   as	   in	   car	  
consoles/dashboards	   etc.,	   so	   the	   user	   purely	   uses	   its	   functionality	   through	   the	  
surfaces	   rather	   than	   seeing	   and	   having	   to	   be	   careful	   with	   the	   printed	   electronics	  
technology	  itself.	  	  
	  
Metaphors	   could	   be	   used	   as	   an	   overarching	   marketing	   strategy	   within	   a	   design	  
company	   (Hekkert,	  P.	   and	  Cila,	  N.,	  2015,	  p.212),	  but	  primarily	  metaphors	   could	  be	  
used	   for	   teaching	  how	  users	  should	  handle	  or	  use	   the	  product,	  or	  how	  rough	  they	  
can	  be	  with	  it,	  different	  or	  suitable	  environments	  (e.g.	  waterproof,	  or	  can	  be	  read	  or	  
used	   in	   bright	   sunlight),	   to	   demonstrate	   how	   simple	   the	   product	   is	   to	   use,	   show	  
users	   new	   interaction	   methods	   with	   it	   (e.g.	   gestures	   or	   controls),	   hidden	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functionality	   (appears	   to	   be	   innovative	   or	   clever,	   or	   makes	   users	   lives	   easier),	  
physical	   characteristics	   (flexible,	   lightweight	   etc.),	   sustainable	   as	   it	   uses	   less	   raw	  
materials	   and	   applies	   materials	   and	   functionality	   where	   (and	   only	   where)	   it	   is	  
needed.	  Add	  interaction	  with	  the	  world	  around	  us,	  smart	  objects	  or	  products,	  adding	  
functionality	  or	  intelligence	  where	  it	  could	  not	  go	  before.	  	  
	  
To	  conclude,	  in	  order	  to	  consider	  the	  end	  user	  when	  designing	  with	  this	  technology,	  
designers	   need	   to	   understand	   and	   implement	   different	   factors	   or	   characteristics	  
about	   printed	   electronics	   technology	  when	   incorporating	   it	   into	   a	   product	   design,	  
such	  as	  the	  durability	  of	  the	  technology,	  and	  the	  benefits	  that	  it	  can	  offer	  the	  user.	  
	  
7.2	   How	   to	   educate	   designers	   about	   printed	  
electronics	  
	  
	  
Informed	   by	   the	   research	   findings	   in	   this	   research,	   this	   chapter	   addresses	   how	   to	  
educate	   designers	   about	   printed	   electronics,	   and	   how	   to	   test	   the	   approaches	  
through	   ideation	   (from	  designers).	   The	   approach	   is	   on	  how	   the	   student	  designers’	  
outputs	   (designs/concepts)	   could	  be	  analysed,	   rather	   than	   the	   specific	   information	  
to	   be	   presented	   to	   them.	   It	   consists	   of	   two	   levels	   of	  workshops,	   and	   the	   content	  
presented	  being	  described	  as	  minimum	  information	  and	  maximum	  information.	  	  
	  
	  
7.2.1	  Strategy	  
	  
When	   challenging	   industrial/product	   designers	   to	   design	   with	   printed	   electronics,	  
patterns	  and	  trends	  may	  occur	  when	  they	  generate	  designs	  and	  ideas.	  This	  may	  be	  
common	   thought	   patterns	   and	   tendencies	   to	   create	   similar	   designs	   with	   the	  
technology	  presented	  to	  them.	  This	  is	  an	  important	  part	  to	  observe,	  as	  not	  only	  the	  
ideas	  themselves	  are	  valued,	  but	  also	  how	  the	  technology	  may	  trigger	  first	  reactions	  
and	  in	  turn	  designs.	  
	  
	  
The	  coding	  scheme	  (Table	  19)	  used	  in	  the	  ‘behavioral	  analysis	  of	  analogical	  reasoning	  
in	  design’	  research	  (Chai,	  et	  al.	  2015)	  proves	  useful	  when	  analysing	  how	  deeply	  the	  
designers	   have	   thought	   about	   or	   experimented	   with	   their	   design	   concepts	   in	  
workshop/focus	   group	   situations.	   It	   assists	   in	   highlighting	   how	   well	   the	   designers	  
have	  understood	  the	  printed	  electronics	  information	  presented	  to	  them.	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Table	  19	  -­‐	  Coding	  scheme	  for	  Behavioural	  Analysis	  of	  analogical	  reasoning	  in	  design	  
(Chai,	  et	  al.	  2015,	  p.16)	  
	  
	  
	  
	  
In	   Chai’s	   et	   al.	   behavioural	   analysis	   research,	   results	   shown	   when	   evaluating	  
designers	  from	  first-­‐year	  students,	  third-­‐year	  students,	  and	  experts:	  	  
	  
“The	  results	  suggest	  that	  first-­‐year	  students	  tend	  to	  spend	  significantly	  more	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time	  on	  F3	  than	  third-­‐year	  students	  and	  experts.	  E2’s	  total	  duration	  of	  experts	  
was	  significantly	  higher	   than	  that	  of	   first-­‐year	  students	  but	   less	  pronounced	  
between	   experts	   and	   third-­‐year	   students.	   Third-­‐year	   students	   and	   experts	  
spent	   considerably	   more	   time	   on	   E3	   than	   first-­‐year	   students”	   (Chai,	   et	   al.	  
2015,	  p.26). 
	  
This	   shows	   that	   third-­‐year	  students	  and	  experts	   focus	  more	  on	  details	  of	  a	  design,	  
and	  are	  able	  to	  elaborate	  well	  when	  thinking	  about	  all	  areas	  of	  the	  design,	  including	  
users.	   Observations	   of	   these	   two	   groups	   are	   of	   particular	   interest	   as	   elaboration	  
from	  the	  designer	  is	  important	  in	  the	  formulation	  an	  accurate	  and	  in-­‐depth	  analysis.	  	  
	  
Further	  conclusions	  in	  Chai’s	  et	  al.	  research	  were	  when	  questioning	  reasons	  for	  the	  
‘form’	   of	   the	   designs	   “experts	   were	   significantly	  more	   likely	   to	   provide	   Experience	  
and	  Esthetics	  as	  reasons	  for	  their	  selections	  compared	  with	  the	  other	  groups.	  Third-­‐
year	   students	  were	  more	   likely	   to	   state	   Symbolism	  as	  a	   reason.	   First-­‐year	   students	  
gave	  more	  Function-­‐related	  reasons	  for	  their	  selections	  of	  source	  examples”	  (Chai,	  et	  
al.	  2015,	  p.26).	  
	  
Chai	  et	  al.	   concludes	   the	   research	  with	   the	   statement	   “an	   ideal	  behavior	  model	  of	  
analogical	  reasoning	  may	  comprise	  more	  time	  on	  E3,	  less	  time	  on	  F3	  and	  appropriate	  
time	  on	  R,	  F1,	  F2,	  E1	  and	  E2”	  (Chai,	  et	  al.	  2015,	  p.27).	  
	  
Greater	   thought	   or	   elaborations	   behind	   the	   designs	   are	   important,	   however,	   new	  
design	   concepts	   are	   also	   very	   important,	   as	   form	   is	   a	   key	   focus	   of	   design	   /	   idea	  
generation,	  along	  with	  the	  technological	  advances.	  	  The	  coding	  scheme	  (Table	  19)	  is	  
useful	  for	  evaluating	  how	  well	  designers	  have	  understood	  and/or	  utilised	  the	  printed	  
electronics	  technology.	  This	  is	  useful	  to	  determine	  how	  much	  information	  designers	  
need	   to	   know	   about	   the	   technology	   in	   order	   to	   optimise	   the	   use	   of	   printed	  
electronics	   within	   a	   design/product.	   	   This	   can	   be	   used	   as	   clarification	   of	   printed	  
electronics	   technology,	   and	   a	   justification	   of	   the	   information	   included	   (in	   the	  
presented	  information	  for	  the	  designers).	  A	  further	  Technology	  Readiness	  Level	  (TRL)	  
analysis	   (for	   printed	   electronics)	   could	   be	   carried	   out	   on	   the	   designs,	   to	   evaluate	  
how	   feasible	   their	   designs	   are	   for	   real	   world	   printed	   electronic	   products	   /	  
applications.	  	  
	  
	  
Yilmaz	  discusses	  the	  nature	  of	  expertise	  in	  design	  as	  “expertise	  in	  cognitive	  science	  is	  
defined	  as	  the	  skilled	  execution	  of	  highly	  practiced	  sequences	  of	  procedures”	  (Yilmaz,	  
and	  Seifert,	  2011,	  p.384),	  also	  the	  importance	  of	  “understanding	  successful	  concept	  
generation	  is	  the	  key	  to	  uncovering	  experts’	  strategies	  for	  design,	  and	  for	  improving	  
design	  education	  and	  practice”	  (Yilmaz,	  and	  Seifert,	  2011,	  p.385).	  Therefore,	  if	  these	  
design	   strategies	   can	   be	   understood	   in	   relation	   to	   the	   printed	   electronics	  
information	  presented	   to	   the	  designers,	   then	   this	  would	  also	  communicate	  clearer	  
how	   the	   designers	   ‘view’	   printed	   electronics,	   depending	   on	   how	   they	   design	   and	  
redesign	  with	   it,	   for	   example,	   whether	   they	   view	   it	  more	   as	   a	  material,	   or	   for	   its	  
technical	  capabilities.	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In	   Yilmaz’s	   previous	  work,	   evidence	  was	   found	   for	   “specific	   ‘design	  heuristics’	   that	  
supported	   designers	   in	   exploring	   the	   space	   of	   potential	   designs,	   leading	   to	   the	  
generation	  of	  varied	  and	  creative	  solutions”	  (Yilmaz,	  and	  Seifert,	  2011,	  p.385),	  with	  
the	   term	   ‘heuristic’	   commonly	   referring	   to	   “strategies	   that	   make	   use	   of	   readily	  
accessible	   information	  to	  guide	  problem-­‐solving”	   (Yilmaz,	  and	  Seifert,	  2011,	  p.385).	  
Yilmaz	   also	   spoke	   about	   cognitive	   research	   and	  how	  experts	   can	   effectively	   utilize	  
heuristics,	   and	   with	   this,	   suggesting	   “their	   use	   of	   heuristics	   is	   a	   feature	   that	  
distinguishes	   them	   from	  novices”	   (Yilmaz,	  and	  Seifert,	  2011,	  p.387),	   also	  discussing	  
how	   expert	   designers	   “may	   employ	   cognitive	   heuristics	   in	   order	   to	   enhance	   the	  
variety,	  quality,	  and	  creativity	  of	  potential	  designs	  they	  generate	  during	  the	  ideation	  
stage”	  (Yilmaz,	  and	  Seifert,	  2011,	  p.387). 
 
An	   observation	   that	   Yilmaz	   (Yilmaz,	   and	   Seifert,	   2011,	   p.391)	   noticed	   during	   the	  
research	   on	   ‘creativity	   through	   design	   heuristics’,	   when	   studying	   the	   expert	  
designer’s	  paper	  scroll	  (which	  kept	  a	  record	  of	  the	  progress	  of	  design	  concepts	  as	  he	  
worked)	   was	   that	   the	   designer	   labelled	   sketches,	   but	   also	   used	   a	   three-­‐colour	  
scheme	   to	   indicate	   the	   areas	   of	   the	   concepts	   which	   had	   changed	   from	   prior	  
concepts.	   This,	  or	   a	   similar	   colour	   coding	   system,	   could	  be	  a	  good	  method	   for	   the	  
designers	  to	  use	  in	  their	  idea	  generation	  or	  design	  concepts,	  as	  it	  would	  more	  clearly	  
indicate	  their	  thought	  process	  to	  the	  researcher.	  
	  
Potential	  design	  heuristics	  were	  identified	  from	  the	  expert	  designer’s	  paper	  scroll	  of	  
designs	   in	   Yilmaz’s	   research,	   and	   were	   listed	   in	   a	   table	   (Table	   20).	   Six	   of	   these	  
heuristics	   (marked	   by	   asterisks)	   were	   focused	   on	   as	   they	   introduced	   variation	   of	  
form,	   these	   six	   heuristics	  were	   presented	   to	   novice	   designers	   and	   this	   resulted	   in	  
greater	  creativity	  in	  the	  resulting	  concepts	  (Yilmaz,	  and	  Seifert,	  2011,	  p.393).	  These	  
six	  design	  heuristics	  could	  be	  used	  to	   inspire	  or	  prompt	  designers	  to	  utilise	  printed	  
electronics	  when	  it	  comes	  to	  the	  form	  factor	  of	  designs.	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Table	  20	  -­‐	  Design	  heuristics	  table	  observed	  from	  expert	  designers	  concepts	  
(Yilmaz,	  and	  Seifert,	  2011,	  p.392).	  
	  
	  
	  
In	  Yilmaz’s	  research,	  when	  the	  expert	  designer	  was	  interviewed	  about	  his	  designs,	  an	  
interesting	  observation	  was	  made:	  
	  
“While	  many	   of	   his	   comments	   revealed	   experiential	  memory	   for	   his	   design	  
process,	   he	   did	   not	   mention	   any	   heuristic	   use	   when	   recounting	   his	   idea	  
generation.	  In	  later	  discussions,	  the	  designer	  stated	  he	  recognized	  clearly	  the	  
characterizations	   of	   the	   heuristics	   in	   his	   work;	   however,	   he	   had	   not	  
articulated	  them	  previously.	  From	  this,	  it	  is	  apparent	  that	  his	  use	  of	  heuristics	  
was	   implicit,	   rather	  than	  an	  explicit	  generation	  process	  on	  his	  part”	  (Yilmaz,	  
and	  Seifert,	  2011,	  p.391).	  
	  
With	   this	   information,	   as	   it	   seems	   that	   these	   heuristics	   are	   already	   a	   part	   of	   the	  
design	   process,	   presenting	   a	   list	   of	   them	   to	   designers	   in	   a	   printed	   electronics	  
workshop	   during	   in	   the	   idea	   generation	   stage	   would	   not	   be	   unreasonable	   or	  
unnecessary,	  as	  the	  list	  could	  just	  be	  something	  that	  the	  designers	  could	  refer	  to,	  to	  
inspire	   more	   diverse	   concept	   generation.	   Yilmaz	   also	   spoke	   about	   ‘process	  
heuristics’,	   which	   refers	   to	   the	   ones	   that	   “direct	   the	   designer’s	   overall	   approach	  
through	  the	  solution	  space”	  (Yilmaz,	  and	  Seifert,	  2011,	  p.408)	  and	  are	  the	  ones	  that	  
designers	  are	  most	  aware	  of	  as	  they	  are	  used	  for	  different	  approaches	  to	  the	  design	  
problem,	  Yilmaz	  discusses	   that	   these	  seem	  to	  be	  strategic	  choices	  which	  are	  made	  
repeatedly	  to	  force	  change	  in	  a	  specific	  direction.	  So	  when	  designers	  are	  presented	  
with	   printed	   electronics	   technology	   and	   are	   asked	   to	   design,	   the	   designers	  would	  
most	  likely	  already	  know	  which	  direction	  they	  want	  to	  explore,	  but	  design	  heuristics	  
may	  help	  to	  challenge	  their	  designs	  and	  decisions	  with	  regards	  for	  them	  to	  challenge	  
their	  own	  idea	  generation	  to	  fully	  execute	  their	  concepts.	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Yilmaz	   discovered	   that	   design	   heuristics,	   in	   the	   sense	   of	   creating	   diverse	   concept	  
generation	  through	  a	  range	  of	  variables	  being	  brought	  to	  the	  design	  task,	  that	  these	  
heuristics	   “assist	   the	   designers	   in	   the	   process	   of	   exploring	   and	   identifying	   new,	  
unexpected	   variables	   and	   contexts	   that	   would	   alter	   the	   design	   criteria	   and	   the	  
solutions	   in	   different	  ways,	   and	   eventually	   creating	   diverse	   concepts”	   (Yilmaz,	   and	  
Seifert,	  2011,	  p.406).	  A	  diverse	  use	  of	  design	  heuristics	  is	  necessary,	  as	  discovered	  by	  
Yilmaz,	   when	   designers	   were	   jumping	   from	   one	   concept	   to	   another,	   allowing	   the	  
designer	   to	   explore	   the	   ‘problem	   space’	   thoroughly	   (Yilmaz,	   and	   Seifert,	   2011,	  
p.407).	  When	  including	  design	  heuristics	  in	  a	  printed	  electronics	  presentation,	  due	  to	  
the	   nature	   of	   design	   and	   how	   designers	   have	   reacted	   in	   Yilmaz’s	   research,	   the	  
designers	  should	  not	  be	  restricted	  to	  following	  only	  some	  of	  the	  heuristics,	  it	  should	  
not	  hinder	  the	  designers	  in	  creative	  concept	  generation,	  it	  should	  purely	  assist	  in	  the	  
process,	  not	  constrain	  or	  dominate	  how	  they	  design.	  
	  
When	   analysing	   the	   designer’s	   concepts,	   observations	   of	   ‘process	   heuristics’	  
provides	  another	  method	  of	  finding	  out	  trends/common	  thoughts	  related	  to	  printed	  
electronics	   when	   it	   comes	   to	   design,	   in	   relation	   to	   the	   information	   presented	   to	  
them.	   This	   provides	   further	   confirmation	   as	   to	   how	   well	   the	   designers	   have	  
understood	   the	   technology/information	   presented	   to	   them,	   and	   in	   turn,	   how	  well	  
they	   can	   design	  with	   printed	   electronics	  when	   it	   comes	   to	   appropriateness	   of	   the	  
technologies	  capabilities.	  Yilmaz	  observed	  a	  range	  of	  process	  heuristics	  in	  the	  study	  
(Table	   21),	   similar	   observations	   could	   occur	   in	   designers	   designing	   with	   printed	  
electronics	  technology.	  
	  
Table	  21	  -­‐	  Process	  heuristics	  observed,	  and	  their	  descriptions	  
(Yilmaz,	  and	  Seifert,	  2011,	  p.408).	  
	  
	  
	  
How	   well	   the	   designers	   have	   understood	   and	   can	   design	   with	   the	   information	  
presented	  may	   also	   result	   in	   which	   printed	   electronics	   technology	   readiness	   level	  
(TRL)	  number	  each	  concept	  may	  achieve.	  To	  an	  extent,	  for	  each	  concept,	  the	  higher	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the	  TRL	  number,	  the	  more	  feasible	  and	  achievable	  the	  design	  is,	  and	  would	  be	  if	  put	  
into	   production/manufacture.	   In	   some	   circumstances	   (with	   other	   areas	   of	   printed	  
electronics	   –	   not	   just	   interconnect),	   it	   may	   appear	   that	   the	   concepts	   are	   not	  
achievable,	   this	  being	  purely	  down	   to	   the	  printed	  electrical	   components	  not	  being	  
ready	  or	  at	  a	  high	  enough	  TRL	  number	  themselves.	  So	  in	  some	  cases,	  it	  may	  be	  that	  
design	  concepts	  created	  may	  be	  feasible	   in	  the	  future,	  but	  are	  currently	   limited	  by	  
the	   lack	   of	   technological	   advances,	   such	   as	   ink	   formulations,	   material	   science,	   or	  
manufacture	  methods.	  
	  
In	   Yilmaz’s	  work,	  when	   speaking	  with	   the	   expert	   designer	   about	   his	   concepts,	   the	  
designer	   did	   not	   readily	   mention	   or	   recall	   individual	   heuristics	   observed	   in	   his	  
concept	   sketches,	   but	   readily	   agreed	   with	   the	   heuristic	   analysis	   that	   “heuristics	  
captured	  the	  nature	  of	  the	  changes	  he	  created	  in	  his	  concept	  sequences”	  (Yilmaz,	  and	  
Seifert,	  2011,	  p.410).	  
	  
Yilmaz’s	   interview	   with	   the	   expert	   designer,	   it	   was	   discovered	   that	   “the	   expert	  
observed	  that	  his	  design	  protocol	  must	  indeed	  include	  the	  heuristics;	  however,	  there	  
was	  a	  lack	  of	  conscious	  awareness	  of	  heuristic	  use”	  (Yilmaz,	  and	  Seifert,	  2011,	  p.411).	  
With	  this	  information,	  Yilmaz	  summarises	  that	  “This	  provides	  an	  account	  of	  how	  the	  
expert	   explored	   potential	   designs	   in	   the	   ideation	   process,	   and	   may	   potentially	  
identify	   classes	   or	   categories	   of	   designs	   that	   are	   separable,	   representing	   disparate	  
areas	  of	  the	  ‘problem	  space’	  of	  possible	  designs”	  (Yilmaz,	  and	  Seifert,	  2011,	  p.411).	  
Using	   a	   list	   of	   accessible	   design	   heuristics	   during	   the	   design	   process	   using	   printed	  
electronics	  could	  help	  designers	  access	  this	  different	  area	  of	   ‘problem	  space’	  when	  
creating	  design	  solutions.	  It	  may	  also	  lead	  to	  more	  creative	  designs	  and	  outcomes,	  as	  
Yilmaz	  also	  mentions	  at	  the	  end	  of	  the	  research	  “there	  is	  some	  suggestion	  that	  the	  
use	   of	   these	   design	   heuristics	   may	   lead	   to	   more	   creative	   designs…using	   design	  
heuristics	   can	   be	   related	   to	   more	   creative	   outcomes” (Yilmaz,	   and	   Seifert,	   2011,	  
p.412). 
	  
 
In	  Daalhuizen’s	  et	  al.	  work,	  design	  methods	  were	  compared	  for	  both	  systematic	  and	  
heuristic,	  defining	  as	  “a	  systematic	  method	  prompts	  a	  designer	   to	   include	  as	  much	  
information	  as	  possible	  in	  aiming	  to	  reach	  optimal	  rather	  than	  satisfactory	  results.	  A	  
heuristic	  method	  prompts	  a	  designer	  to	  focus	  on	  particular	  pieces	  of	   information	   in	  
aiming	   to	   reach	   satisfactory	   rather	   than	   optimal	   results”	   (Daalhuizen,	   et	   al.	   2014,	  
p.137). 
	  
Daalhuizen	  et	  al.	  found	  that	  “the	  students	  who	  were	  instructed	  to	  use	  the	  systematic	  
method	   felt	   significantly	   less	   effective	   compared	   to	   those	   who	   used	   heuristics”	  
(Daalhuizen,	  et	  al.	  2014,	  p.149).	  Daalhuizen	  et	  al.	  said	  this	  was	  due	  to	  the	  students	  
felt	  under	  time	  pressure,	  had	  lower	  motivation	  and	  felt	  that	  there	  was	  much	  higher	  
effort	  spent	  than	  compared	  to	  using	  the	  set	  of	  heuristics.	  This	  supports	  preference	  
towards	   design	   heuristics	   when	   presenting	   printed	   electronics	   technology	   to	  
designers	   for	   them	   to	   use	   in	   the	   idea	   generation	   process,	   to	   assist	   designers,	   as	  
Yilmaz	   said	   before	   in	   the	   exploration	   and	   identification	   of	   new	   variables	   and	  
contexts,	  leading	  to	  more	  diverse	  concepts	  (Yilmaz,	  and	  Seifert,	  2011,	  p.406).	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Daalhuizen’s	   et	   al.	   design	   heuristics	  were	   very	   different	   than	   that	   of	   Yilmaz’s	   (see	  
Table	  20),	  Daalhuizen	  et	  al.	  lists	  four	  heuristics	  that	  were	  presented	  to	  the	  students,	  
these	  were:	  
	  
• “Primary	  generator:	  take	  the	  sub-­‐problem	  that	  seems	  most	  prominent	  to	  you	  
and	  start	  solving	  it.	  
• Conjecture-­‐analysis:	   take	   the	   first	   solution	   idea	   that	   comes	   to	  mind	   (and	   is	  
worthwhile	  exploring)	  to	  your	  design	  problem	  and	  start	  developing	  it	  further.	  
• Iterate:	  develop	  an	  idea	  and	  adapt	  it	  continuously	  to	  get	  closer	  and	  closer	  to	  
the	  design	  objectives	  
• Satisfice:	   stop	   designing	   as	   soon	   as	   your	   concept	   meets	   the	   design	  
objectives.”	  
(Daalhuizen,	  et	  al.	  2014,	  p.154)	  
	  
These	   four	   heuristics	   are	   a	   lot	   more	   vague	   than	   Yilmaz’s,	   yet	   show	   designers	  
different	   ways	   to	   approach	   design.	   Daalhuizen	   et	   al.	   also	   refers	   to	   a	   method	   as	  
providing	   students,	  when	   learning	   how	   design	   is	   put	   into	   practice,	   as	   a	   “frame	   of	  
reference”	   (Daalhuizen,	   et	   al.	   2014,	   p.133).	   This	   term	   seems	   very	   appropriate	   for	  
presenting	   printed	   electronics	   technology	   to	   designers,	   rather	   than	   a	   ‘list’	   as	   the	  
design	  heuristics	  is	  provided	  for	  further	  inspiration	  or	  for	  reference	  if	  the	  designers	  
feel	  that	  they	  have	  not	  thoroughly	  explored	  the	  concept	  generation	  phase.	  	  
	  
Daalhuizen	   et	   al.	   (2014)	   also	   discusses	   how	   designers	   and	   students	   develop	   a	  
“method	   mindset”	   as	   they	   learn	   different	   methods	   and	   how	   to	   use	   them.	   The	  
‘method	   mindset’	   refers	   to	   students	   and	   designers	   acquired	   process	   of	   learning	  
about	   a	   method	   to	   use	   it,	   and	   are	   the	   “knowledge,	   skills	   and	   beliefs”	   that	   they	  
acquire.	   The	   ‘method	   mindset’	   poses	   as	   the	   designers	   or	   students	   “mental	  
equipment”	   which	   Daalhuizen	   et	   al.	   believes	   is	   essential	   to	   use	   a	   method	  
purposefully	   to	   the	   individuals	   benefit.	   However,	   this	   ‘method	   mindset’	   is	   not	  
necessarily	   a	   correct	   approach	   for	   design	   as	   “several	   authors	   have	   questioned	   the	  
effectiveness	   of	   method	   teaching	   in	   design	   education”	   (Daalhuizen,	   et	   al.	   2014,	  
p.134).	   It	   may	   be	   that	   for	   more	   diverse	   idea	   generation,	   a	   strict/rigid	   ‘method	  
mindset’	   needs	   to	   be	   altered	   to	   enable	   these	   methods	   to	   assist	   designers.	   An	  
unpressured	   approach,	   such	   as	   design	   heuristics	   looks	   to	   be	   a	   promising	   option	  
when	  presenting	  printed	  electronics	   technology	   to	  designers,	  as	   this	  particular	  aim	  
for	  the	  design	  heuristics	  element	  is	  to	  broaden	  their	  thinking,	  not	  to	  dictate	  them.	  
	  
	  
Listed	  below	  are	  the	  design	  heuristics,	   taken	   from	  two	  different	  studies,	  which	  are	  
most	  appropriate	  for	  designers	  when	  designing	  with	  printed	  electronics	  technology.	  	  
	  
• Change	  the	  configuration	  using	  the	  same	  design	  elements	  
• Merging	  a	  variety	  of	  components	  
• Repeating	  the	  same	  form	  multiple	  times	  
• Nesting	  (Hide/Collapse/Flatten)	  one	  design	  element	  within	  another	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• Changing	  the	  scale	  of	  elements	  
• Substituting	  one	  for	  another	  element	  
(Yilmaz,	  and	  Seifert,	  2011,	  pp.392,	  401)	  
	  
• Primary	  generator:	  take	  the	  sub-­‐problem	  that	  seems	  most	  prominent	  to	  you	  
and	  start	  solving	  it.	  
• Conjecture-­‐analysis:	   take	   the	   first	   solution	   idea	   that	   comes	   to	  mind	   (and	   is	  
worthwhile	  exploring)	  to	  your	  design	  problem	  and	  start	  developing	  it	  further.	  
• Iterate:	  develop	  an	  idea	  and	  adapt	  it	  continuously	  to	  get	  closer	  and	  closer	  to	  
the	  design	  objectives.	  
• Satisfice:	  stop	  designing	  as	  soon	  as	  your	  concept	  meets	  the	  design	  objectives.	  
(Daalhuizen,	  et	  al.	  2014,	  p.154)	  
	  
These	   should	   not	   be	   displayed	   in	   any	   specific	   order,	   as	   it	   provides	   a	   “frame	   of	  
reference”	   (Daalhuizen,	   et	   al.	   2014,	   p.133).	   The	   word	   ‘Satisfice’	   is	   replaced	   with	  
‘Satisficing’	   as	   in	   the	   body	   of	   the	   paper,	   this	   is	   what	   the	   author	  was	   referring	   to,	  
however	   ‘Satisfice’	   is	   not	   a	   word,	   unfortunately	   a	   result	   of	   an	   inaccurate/failed	  
transitive	  verb	  translation	  (attempting	  to	  put	  it	  into	  a	  context	  of	  ‘to’	  e.g.	  ‘To	  do’,	  or	  
to	   perform	   an	   action,	   in	   this	   case	   ‘To	   Satisfice’).	   This	   is	   also	   to	   avoid	   swaying	   the	  
designers	  view	  of	  the	  design	  heuristics	  as	  being	  a	  ‘to	  do	  list’	  and	  to	  for	  the	  designers	  
to	  see	  the	  heuristics	  as	  a	  helpful,	  non-­‐bias	  reference	  to	  work	  from	  if	  they	  choose	  to.	  
This	   frame	  of	   reference	  design	  heuristics	   could	  be	  presented	   to	   the	  designers	  as	  a	  
separate	  hand-­‐out	  sheet	  to	  use	  if	  they	  choose	  to	  (Figure	  156).	  
	  
	  
	  
Figure	  156	  -­‐	  Frame	  of	  Reference	  Design	  Heuristics	  hand-­‐out	  sheet	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These	  design	  heuristics	  can	  be	  used	  in	  multiple	  ways	  to	  assist	  our	  understanding	  of	  
how	   designers	   think	   throughout	   the	   design	   process	   when	   presented	   with	   printed	  
electronics	  technology	  and	  the	  task	  of	  designing	  with	   it	  or	   incorporating	   it	  within	  a	  
product	   design.	   A	   hand-­‐out	   sheet	   of	   design	   heuristics	   can	   be	   of	   use	   to	   student	  
designers	  as	  a	   frame	  of	   reference	  to	   further	  assist	   them	   in	  design	  exploration	  as	   it	  
presents	  them	  with	  different	  methods/design	  actions	  or	  key	  words	  from	  which	  they	  
can	  use	  and	  implement	  in	  their	  own	  designs	  to	  further	  change	  and	  explore	  the	  form	  
of	  their	  product	  design,	  and	  can	  assist	  them	  in	  solving	  design	  problems.	  These	  design	  
heuristics	  can	  also	  be	  very	  useful	  for	  researchers	  studying	  designers,	  as	   it	  can	  offer	  
insights	   into	   how	   designers	   think	   and	   approach	   a	   design	   with	   printed	   electronics	  
technology,	   as	   these	   design	   heuristics	   can	   be	   used	   for	   coding	   the	   data	   gathered	  
through	   the	   designers	   idea	   generation,	   to	   find	   themes	   throughout	   the	   design	  
process	  and	  final	  designs	  with	  regards	  to	  how	  many	  different	  design	  heuristics	  they	  
used,	  or	  if	  they	  are	  continuously	  using	  the	  same	  ones,	  and	  if	  there	  are	  any	  clear	  links	  
between	   specific	   design	   heuristics	   and	   the	   designers	   idea	   generation	  with	   printed	  
electronics	  technology.	  	  
	  
The	   on-­‐going	   debate	   with	   form	   and	   function,	   deciding	   which	   follows	   which	   is	  
interesting	   in	   design,	   Townsend	   et	   al.	   mentions	   the	   definition	   on	   the	   topic	   from	  
industrial	   designers	   being	   “the	   exterior	   product	   form	   that	   delivers	   and	   aesthetic	  
gestalt	  and	   through	  which	  users	  access	  product	   functions”	   (Townsend,	  et	   al.	   2011,	  
p.374),	   and	   that	   “designers	  may	   consider	   the	   symbolic	   nature	   of	   a	   product	   or	   the	  
meanings	   that	   consumers	   may	   derive	   from	   the	   product”	   (Townsend,	   et	   al.	   2011,	  
p.375).	  Townsend	  et	  al.	  also	  discusses	  about	  how	  within	  product	  design,	  form	  should	  
follow	  function;	  how	  product	  form	  and	  function	   is	  sometimes	  split	  between	  design	  
and	  engineer	  groups	  in	  practice;	  and	  how	  form	  and	  function	  of	  a	  products	  can	  affect	  
the	   consumers	   beliefs	   about	   it,	   which	   can	   affect	   their	   responses	   and	   preferences	  	  
(Townsend,	  et	  al.	  2011,	  p.376).	  	  
	  
Roth	  states,	  in	  discussion	  of	  form	  and	  function,	  “in	  experimental	  design,	  form	  follows	  
function”	  (Roth,	  2001,	  p.427)	  and	  that	  persistent	  differences	  will	  occur	  on	  the	  topic	  
when	  the	  terms	   ‘plausible’	  and	   ‘interesting’	  are	  “in	   the	  eye	  of	   the	  beholder”	   (Roth,	  
2001,	  p.428),	  in	  the	  summarising	  statement	  of	  “good	  experiment	  is	  one	  that	  studies	  
an	   interesting	   question	   in	   a	   way	   that	   controls	   for	   the	   most	   plausible	   alternative	  
hypotheses”	   (Roth,	  2001,	  p.428).	  Fallan	  says	  that	   there	  are	  discovered	  examples	  of	  
“design	  solutions	  genuinely	  motivated	  by	  aspects	  of	  utilitarian	  functionality”	  (Fallan,	  
2008,	  p.71).	  
	  
In	   relation	   to	  printed	  electronics	   technology,	   the	   functionality	  of	   individual	  printed	  
components	  may	   differ	   as	   the	   ink	   formulations	   or	  material	   science	   in	   some	   cases	  
may	   not	   have	   advanced,	   resulting	   in	   the	   use	   of	   conventional	   silicon	   electronic	  
components.	  	  This	  may	  also	  play	  a	  big	  part	  in	  the	  limitation	  of	  form	  factors,	  so	  in	  this	  
case,	   form	   has	   to	   be	   compromised	   to	   a	   certain	   extent	   to	   allow	   for	   these	   silicon	  
components	  to	  be	  attached.	  In	  Townsend’s	  et	  al.	  discussions,	  the	  point	  of	  form	  and	  
function	  being	  split	  between	  design	  and	  engineer	  groups	  is	  also	  important,	  when	  it	  
comes	   to	   the	   functionality	  of	   the	  product,	   electronics	  engineers	  may	  have	   to	  alter	  
the	  electronics	  to	  ensure	  the	  product	  electrically	  functions	  correctly.	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7.2.1.1	  Workshops/focus	  groups	  approach	  
	  
When	  presenting	  printed	  electronics	  information	  to	  designers,	  two	  different	  levels	  of	  
workshops	   would	   be	   needed	   in	   order	   to	   determine	   exactly	   what	   impact	   the	  
information	  amount	  makes	  to	  the	  designers	  designs.	  
	  
The	   first	   level	   of	   workshop	   would	   have	   a	   very	   minimal	   approach,	   asking	   the	  
designers:	   if	   they	   know	   anything	   about	   printed	   electronics,	   if	   they	   have	   ever	  
designed	   with	   it,	   if	   they	   can	   say	   the	   differences	   between	   it	   and	   conventional	  
electronics,	  what	  the	  benefits	  are,	  if	  any.	  	  This	  workshop	  would	  gage	  what	  designers	  
know	  already	   and	  with	  minimal	   information	  on	  printed	   electronics,	  what	   they	  will	  
design.	  
	  
The	  second	  level	  of	  workshop	  would	  need	  to	  be	  a	   lot	  more	  informative,	  with	  a	  full	  
printed	   electronics	   presentation	   given	   and	   the	   same	   questions	   asked.	   They	   could	  
then	  be	  asked	  to	  design	  with	  it,	  these	  designs	  could	  be	  compared	  with	  those	  of	  the	  
first	  workshop	  when	  analysing.	  The	   theory/hypothesis	  with	   these	  workshops	  being	  
that	   there	  should	  be	  a	  noted	  change	   in	   the	  complexity	  and	  commercial	  viability	  of	  
the	  designs	  produced	  in	  the	  second	  workshop,	  compared	  to	  that	  of	  the	  first.	  
	  
Questions	  asked	  at	  the	  start	  of	  both	  workshops:	  
Who	  knows	  anything	  about	  printed	  electronics?	  
Have	  you	  ever	  designed	  with	  it?	  
What	  are	  the	  differences	  between	  printed	  electronics	  and	  conventional	  electronics?	  
What	  are	  the	  benefits	  of	  printed	  electronics?	  If	  any?	  
	  
Questions	  asked	  at	  the	  end	  of	  both	  workshops:	  
Do	  they	  feel	  they	  understand	  printed	  electronics	  enough	  to	  design	  with	  it?	  
Would	  they	  design	  with	  printed	  electronics	  in	  the	  future?	  
Do	  they	  feel	  they	  would	  want/need	  to	  know	  more	  about	  printed	  electronics	  before	  
designing	  with	  it?	  
Would	  they	  find	  a	  taxonomy/guide	  helpful/necessary?	  
Do	   they	   feel	   confident	   in	   the	   advantages/disadvantages,	   limitations	   and	  
considerations	  when	  making	  design	  decisions	  with	  the	  technology?	  
Would	  they	  prefer	  to	  design	  with	  printed	  electronics	  over	  conventional	  electronics?	  
If	  so,	  why?	  Or	  if	  not,	  why	  not?	  
	  
Audio	   and/or	   videotaping	   would	   help	   to	   ensure	   the	   validity	   of	   the	   workshops.	  
Keeping	  an	  audit	  trial	  would	  ensure	  maximum	  reliability	  in	  the	  research.	  During	  the	  
workshops,	   any	   areas	   of	   confusion	   on	   the	   topic	   or	   about	   the	   response/feedback	  
could	   be	   questioned	   or	   clarified	   to	   try	   to	   eliminate	   any	   misunderstanding	   of	   the	  
information	  given.	  
	  
The	  purpose	  of	  the	  workshops	  would	  be	  to	  test/determine	  designers’	  output	  in	  the	  
form	  of	  concept	  generation,	  observe	  what	  they	  design	  when	  presented	  with	  a	  new	  
technology.	   The	   ultimate	   aim	   is	   to	   determine	  what	   information	   designers	   need	   to	  
know	  when	  engaging	  or	  learning	  a	  new	  technology,	  in	  this	  case	  printed	  electronics,	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to	  be	  able	   to	  produce	  designs	  of	  a	  higher	   technology	  readiness	   level.	  The	  aim	  of	  a	  
workshop	  being	  to	  present	  printed	  electronics	  technology	  to	  focus	  groups	  of	  third-­‐
year	  industrial	  design	  students,	  promoting	  concept	  generation	  output.	  
	  
Third-­‐year	  design	  students	  are	  ideal	  as	  participants	  as	  they	  are	  able	  to	  elaborate	  well	  
when	  thinking	  about	  all	  areas	  of	  a	  design,	  including	  users	  as	  identified	  by	  Chai	  et	  al.	  
(Chai,	   et	   al.	   2015).	   This	   focus	   on	   details	   of	   designs	   is	   of	   particular	   interest	   as	  
elaboration	   from	   the	   designer	   is	   important	  when	   formulating	   an	   accurate	   and	   in-­‐
depth	  analysis	  about	  the	  designers’	  concept	  generation	  output.	  	  
	  
The	  workshops	  could	  also	  be	  used	  to	  answer	  particular	  questions,	  such	  as:	  
• Will	  there	  be	  themes	  in	  the	  concepts	  produced?	  
• How	  will	  the	  concepts	  differ	  between	  workshops?	  
• Will	  the	  overall	  TRL	  grading/number	  noticeably	  alter	  between	  workshops?	  
• When	   designing,	   will	   designers	   use	   printed	   electronics	   in	   an	   appropriate	  
way?	  (functioning	  circuit)	  
• Will	  their	  concepts	  differ	  in	  form	  between	  the	  two	  workshops/sessions?	  
• What	   areas	  will	   the	   designers	  move	   towards	  when	   presented	  with	   printed	  
electronics	  technology?	  –	  assessing	  area	  of	  choice	  
• Assess	  concepts	  by	  TRL	  
	  
	  
Providing	  hand-­‐outs	  for	  the	  third-­‐year	  design	  students	  for	  concept	  generation	  in	  two	  
different	  workshops/focus	  groups	  (see	  section	  3.2.4	  Data	  collection	  techniques)	  on	  a	  
small	   scale,	  with	   the	   size	  of	   the	   groups	  being	  between	  8	   to	   12,	   or	   6	   to	   10	  people	  
(Robson,	  2011,	  p.295)	  is	  advised	  when	  presenting	  printed	  electronics	  technology	  to	  
design	  students	  to	  ensure	  maximum	  discussions	  about	  the	  technology	  amongst	  each	  
group.	  
	  
Within	   the	   workshops,	   the	   student	   designers	   should	   be	   grouped	   at	   random	   -­‐	   to	  
avoid	  groups	  of	   individuals	  who	  have	  previously	  worked	  closely	  with	  each	  other	  as	  
they	   often	   already	   have	   established	   their	   own	   group	   dynamics,	   hierarchies,	   and	  
relationships	  which	   can	   influence	   contributions	   (Robson,	   2011,	   p.295)	   -­‐	   into	   three	  
people	  per	  group	  (Youmans,	  R.,	  2011,	  p.118).	  Previous	  research	  has	  suggested	  that	  
“group	  work	  can	  actually	  inhibit,	  not	  enhance,	  creative	  thinking…groups	  can	  be	  less	  
productive	  than	  individuals	  would	  be	  working	  alone,	  and	  that	  the	  best	  individual	  in	  a	  
group	  may	  predict	  overall	  group	  success”.	  However	  when	  it	  comes	  to	  more	  complex	  
group-­‐learning	  tasks:	  “groups	  are	  better	  able	   to	  detect	  unexpected	  errors…but	  only	  
when	   communication	   between	   group	   members	   was	   frequent…robust	   dialogs	  
between	  group	  members	  are	  an	   important	  component	  of	  successful	  group	  problem	  
solving	  and	  learning”	  (Youmans,	  R.,	  2011,	  p.118).	  Youmans	  identifies	  advantages	  of	  
designers	   working	   in	   groups	   through	   decreasing	   design	   fixation	   as	   when	   working	  
together,	   the	   group	  will	   apply	   an	   “increased	   scrutiny”	   to	   the	   joint	   design,	   and	   the	  
“cognitive	   load”	  will	   be	   reduced	   as	   the	  workload	   of	   a	   complex	   design	   task	  will	   be	  
sub-­‐divided	  which	  “may	  increase	  the	  mental	  resources	  that	  can	  be	  directed	  towards	  
detecting	  and	  eliminating	  fixated	  features”	  (Youmans,	  R.,	  2011,	  p.119).	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Grouping	  designers	  would	  challenge	  them	  in	  this	  fairly	  complex	  group-­‐learning	  task,	  
but	  in	  a	  positive	  way;	  they	  would	  work	  together	  to	  understand	  and	  implement	  this	  
new	   printed	   electronics	   technology	   in	   their	   group	   designs.	   This	   approach	   aims	   to	  
promote	  discussion	  amongst	  themselves	  on	  the	  technology	  and	  design	  process,	  and	  
to	   help	   each	   other	   in	   their	   understanding	   of	   the	   technology	   with	   each	   of	   their	  
perspectives	  and	  innovative	  ideas.	  Working	  in	  groups	  would	  lead	  to	  fewer	  fixations	  
within	  the	  group	  design;	  to	  further	  avoid	  fixation,	  Youmans	  suggests	  that	  designers	  
should	  strive	  to	  “work	  in	  full	  design	  environments	  that	  facilitate	  physical	  interaction	  
and	  physical	  evaluations	  of	  potential	  product	  designs.	  Even	  simple	  prototypes	  of	  new	  
designs	   that	  are	  quickly	   created	   in	  wood	  or	  metal	   shop	  may	  provide	   the	  necessary	  
interactivity	   that	   can	   lead	   to	   fewer	   fixations,	   which	   in	   turn	   may	   lead	   to	   a	   better	  
performing	  gadget…humans	  seem	  to	  work	  best	  when	  they	  can	  touch	  and	  manipulate	  
objects	  directly,	  and	  they	  seem	  to	  prefer	  it	  too”	  (Youmans,	  R.,	  2011,	  p.135).	  
	  
The	  designers	  would	  need	  materials	  that	  they	  can	  work	  with	  and	  manipulate	  quickly	  
and	  easily,	  avoiding	  provided	  access	  to	  a	  workshop	  within	  this	  study	  would	  also	  be	  
preferable	  as	  it	  eliminates	  the	  need	  for	  machinery	  (which	  could	  lead	  to	  some	  people	  
queuing	  to	  use	  a	  piece	  of	  equipment)	  and	  also	  avoids	  any	  machinery	  safety	  aspects	  
that	  could	  be	  encountered	  if	  a	  workshop	  was	  to	  be	  used.	  A	  malleable,	  soft	  modelling	  
material	   such	   as	   plasticine	   or	   polymer	   clay	   would	   provide	   the	   designers	   with	   a	  
material	   that	   they	   can	   manipulate	   very	   quickly,	   also	   paper/card/acetate	   would	  
represent	   printed	   electronics	   on	   a	   flexible	   substrate.	   Basic	   hand-­‐held	   plastic	  
sculpting	  tools	  should	  also	  be	  provided	  for	  use	  with	  the	  plasticine	  or	  polymer	  clay,	  so	  
that	  the	  designers	  can	  add	  greater	  detail	  to	  their	  models.	  
	  
The	  designers’	   ideas	  could	  then	  be	  analysed	  and	  a	  technology	  readiness	   level	  (TRL)	  
number	  could	  be	  assigned	  to	  each	  finished	  concept	  to	  determine	  how	  feasible	  their	  
ideas	   are	   for	   commercialisation	   (see	   section	  5.1.1.1	  Printed	  electronics	   technology	  
readiness	  level	  (TRL)	  scale,	  and	  3.2.6	  Research	  validity,	  reliability,	  transferability	  and	  
assessment/analysis).	  
	  
A	  triangulation	  of	  methods	  would	  be	  useful	  for	  data	  gathering:	  
• Questionnaire	  
• Thought/Design	  Process	  
• Final	  Design/TRL	  grading	  
	  
Triangulating	   the	   data	   would	   increase	   the	   validity	   of	   the	   research,	   Blessing	   and	  
Chakrabarti	  discuss	  that	  triangulation	   is	  used	  to	  gather	  evidence	  about	  a	  particular	  
phenomenon	  from	  a	  combination	  of	  multiple	  data	  sources	  and	  research	  methods	  to	  
strengthen	   the	  evidence	   (Blessing,	   L.T.M.	  and	  Chakrabarti,	  A.,	   2009,	  pp.	  108,	  116).	  
Robson	   identifies	   that	   triangulation	   can	   “help	   to	   counter	   all	   of	   the	   threats	   to	  
validity”,	  and	  that	  it	  is	  a	  widely	  used	  and	  valuable	  strategy	  which	  involves	  the	  use	  of	  
multiple	  sources	  in	  order	  to	  enhance	  the	  rigour	  of	  the	  research;	  Robson	  defines	  the	  
term	  ‘data	  triangulation’	  as	  using	  more	  than	  one	  method	  of	  data	  collection	  (Robson,	  
C.,	  2011,	  p.158).	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7.2.1.2	  Structure	  
	  
Conducting	   two	   separate	   workshops	   for	   printed	   electronics,	   one	   with	   minimal	  
information	  and	  see	  what	  designers	  produce,	  and	  a	  full	  presentation	  workshop	  with	  
maximum	   information	   with	   manufacturing	   techniques	   etc.	   could	   prove	   useful	   in	  
finding	  out	  the	  difference	  between	  information	  presented	  and	  technology	  readiness	  
levels	  (TRLs)	  of	  designs	  produced.	  	  
	  
Workshop	  1	  –	  minimal	  information:	  
• What	  printed	  electronics	   is,	  covering	  basic	  differences	  between	  printed	  and	  
conventional	  electronics	  –	  form	  only	  
• What	  interconnect	  is	  –	  purpose	  of	  it	  
• Examples	  of	  printed	  electronic	  products	  
	  
Workshop	  2	  –	  maximum	  information:	  
• What	   printed	   electronics	   is,	   covering	   differences	   between	   printed	   and	  
conventional	  electronics	  –	  form,	  manufacturing	  processes,	  benefits	  
• What	  interconnect	  is	  –	  purpose	  of	  it	  
• Examples	  of	  printed	  electronic	  products	  
• Covering	   areas	   such	   as	   recyclability,	   viewing	   it	   as	   a	   material,	   and	   maker	  
market/community	  approach	  
	  
Using	   two	   different	   types	   of	   data,	   and	   two	   different	   groups	   of	   participants	  would	  
allow	   for	   a	   fair	   and	   direct	   analysis	   of	   what	   designs	   are	   produced	   from	   what	  
information	   is	   presented.	   Information	   from	   both	   workshops	   could	   be	   evaluated	  
throughout	   with	   the	   same	   method	   of	   data	   gathering	   and	   analysis	   tools.	   Unique	  
numbers	   should	  be	  assigned	   to	  participants	   to	  protect	   their	   identity,	   and	   to	   relate	  
their	  designs	  produced	  to	  their	  previous	  design	  experience	  and	  prior	  knowledge	  of	  
the	   technology	   to	   give	   a	   fair	   analysis.	   The	   same	   participant	   coding	   system	   as	   in	  
Paterson’s	   research	   (Paterson,	   2013,	   p.194)	   could	   be	   used	   in	   the	   data	   from	   the	  
workshops,	   using	   a	   prefixed	   code	   name	   ‘PP’	   which	   stands	   for	   ‘pilot	   participant’,	  
followed	  by	  their	  unique	  assigned	  number.	  An	  example	  would	  be	  if	  the	  participant’s	  
number	  was	   ‘32’,	   they	  would	  be	  referred	  to	  as	   ‘PP32’.	  As	  also	  stated	   in	  Paterson’s	  
research,	   this	   acronym	   helps	   to	   distinguish	   between	   participants’	   feedback	   when	  
discussing	   and	   describing	   results.	   Although	   this	   could	   be	   altered	   it	   be	   ‘MP’	   which	  
stands	  for	  ‘Main	  Participant’	  rather	  than	  ‘PP’.	  
	  
Age	  range	  could	  also	  be	  gathered	  from	  the	  participants,	  to	  see	  if	  any	  trends	  occur	  in	  
relation	  to	  age	  and	  how	  well	  people	  embrace	  and	  understand	  new	  technology.	  Any	  
printed	  electronic	  product	  examples	  would	  be	  kept	  as	  neutral	  as	  possible,	  displaying	  
a	   range	   of	   applications,	   avoiding	   any	   bias	   views	   or	   directing	   participants	   toward	   a	  
specific	  area	  of	  design.	  	  
	  
	  
The	  structure	  of	  the	  study	  (Figure	  157)	  should	  be	  kept	  the	  same	  for	  both	  workshops,	  
with	  an	   introduction	  of	   the	  research	   topic	  and	  the	  aim	  of	   the	  session,	   then	  before	  
any	   information	  on	   the	   technology	   is	  presented	   to	   them,	  a	  questionnaire	   for	  each	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participant	  for	  individual	  analysis,	  followed	  by	  an	  open	  discussion	  for	  generating	  rich	  
data	  from	  the	  whole	  group.	  Following	  this,	  the	  printed	  electronics	  technology	  could	  
be	  presented	  to	  them,	  and	  then	  they	  could	  be	  asked	  to	  create	  concept	  generation	  
using	   the	   technology.	   The	   participants	   could	   then	   be	   asked	   to	   fill	   out	   another	  
questionnaire	  each,	  then	  a	  final	  open	  discussion,	  and	  finally	  close	  of	  the	  workshop.	  
	  
The	  only	  element	  that	  would	  differ	  between	  the	  two	  workshops	  would	  be	  ‘Stage	  4	  –	  
Present	   Printed	   Electronics’,	   where	   one	   workshop	   would	   present	   minimal	  
information,	   and	   the	   other	   would	   present	   much	   more	   information	   about	   the	  
technology.	  	  
	  
	  
	  
Figure	  157	  -­‐	  Study	  structure	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7.2.2	  Feedback	  
	  
Brace	   explains	   how	   a	   researcher	   can	   relate	   a	   questionnaire	   to	   the	   research	  
objectives:	   “A	  series	  of	  processes	   is	  needed	   to	  arrive	  at	   the	  questionnaire	   from	  the	  
study	  objectives.	  It	   is	  one	  of	  the	  skills	  of	  the	  researcher	  to	  turn	  the	  objectives	  of	  the	  
study	  into	  a	  set	  of	   information	  requirements,	  and	  from	  there	  to	  create	  questions	  to	  
provide	   that	   information	   and	   then	   to	   turn	   those	   into	   a	   questionnaire”	   (Brace,	   I.,	  
2004,	   p.12).	   The	   questionnaires	   in	   printed	   electronics	   design	  workshops	  would	   be	  
paper	   self-­‐completion	  questionnaires	   (Brace,	   I.,	   2004,	   pp.36-­‐37;	   Robson,	   2011,	   pp.	  
252-­‐258),	  time	  should	  be	  allocated	  for	  the	  designers	  to	  complete	  the	  questionnaires	  
before	  and	  after	   the	  workshop	   to	  allow	   them	  enough	   time	   to	   read	  and	  digest	   the	  
information	  and	  consider	  their	  answers	  (Brace,	   I.,	  2004,	  pp.36-­‐37).	  The	  appearance	  
of	   the	   self-­‐completion	   paper	   questionnaires	   should	   also	   be	   considered	   to	  make	   it	  
easy	   to	   follow	  and	  use,	  and	  made	  attractive	   to	  be	  more	  engaging	  by	   the	  graphical	  
layout	   and	   the	   use	   of	   different	   sections	   and	   headings	   to	   help	   respondents	   to	  
understand	  the	  flow	  of	  the	  questionnaire,	  and	  use	  of	  space	  within	  the	  questionnaire.	  
The	   questionnaires	   should	   also	   be	   printed	   on	   a	   sufficient	   quality,	   slightly	   heavier	  
weight	  paper	  so	  that	  the	  printing	  on	  one	  side	  of	  the	  paper	  cannot	  be	  seen	  through	  
the	  paper	  from	  the	  reverse	  side	  (Brace,	  I.,	  2004,	  pp.151-­‐156).	  	  
	  
It	   is	  necessary	  to	  gather	  the	  feedback	  through	  questionnaires	  at	  both	  the	  start	  and	  
end	  of	  the	  workshops	  in	  order	  to	  determine	  what	  the	  designers	  already	  know	  about	  
printed	  electronics	  technology	  before	  the	  workshop	  and	  also	  then	  at	  the	  end	  of	  the	  
workshop	   in	   order	   to	   determine	   what	   information	   the	   designers	   have	  
learnt/retained	  throughout	  the	  workshop	  about	  printed	  electronics.	  
	  
After	  each	  of	  the	  questionnaires,	  time	  should	  be	  allocated	  for	  the	  group	  to	  have	  an	  
‘open	  discussion’	   (Figure	  157).	  This	   is	  so	   that	   the	  student	  designers	  can	   learn	   from	  
each	  other	  or	  remind	  each	  other	  about	  what	  was	  covered	  in	  the	  workshop	  or	  what	  
information	   they	   retained,	   which	   may	   trigger	   their	   own	   memories.	   This	   could	   be	  
viewed	  almost	  as	  an	  investigation	  into	  what	  is	  already	  known	  about	  the	  technology,	  
or	  a	   reflection	  or	   re-­‐cap	  on	  the	  session/workshop.	  Questionnaires	  and	  opportunity	  
for	  discussions	  should	  be	  kept	  the	  same	  for	  both	  levels	  –	  2	  questionnaires	  for	  each	  
workshop	  –	  one	  at	  the	  start	  and	  one	  at	  the	  end,	  to	  evaluate	  their	  knowledge	  about	  
printed	  electronics	  before	  and	  after	  the	  workshop.	  There	  should	  be	  the	  same	  study	  
structure	  for	  both	  (Figure	  157).	  
	  
A	  questionnaire	  should	  be	  given	  out	  at	  the	  start	  of	  the	  workshop	  (Appendix	  13:	  Start	  
of	   the	  workshop	  questionnaire)	   as	   it	  would	   help	   to	   determine	  what	   the	   designers	  
already	  know	  about	  printed	  electronics.	  
	  
A	  questionnaire	  should	  given	  out	  at	  the	  end	  of	  the	  workshop	  (Appendix	  14:	  End	  of	  
the	  workshop	   questionnaire)	   as	   it	   would	   help	   to	   determine	  what	   information	   the	  
designers	  have	  learnt/retained	  throughout	  the	  workshop	  about	  printed	  electronics.	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7.2.3	  Assessment/Evaluation	  
	  
Collecting	   data	   from	  designers	   should	   result	   in	   rich	   findings/high-­‐quality	   data.	   The	  
data,	   when	   analysed,	   should	   be	   transferable	   both	   ways,	   allowing	   ideas	   from	  
designers	  to	  be	  presented	  to	  industry,	  and	  expectations	  from	  industry	  translated	  to	  
designers.	  	  
	  
The	   assessment	   or	   analysis	   of	   the	   data	   plays	   a	   large	   part	   in	   the	   contribution	   to	  
transferability	  of	  the	  data.	  	  Each	  finished	  design	  produced	  from	  the	  designers	  could	  
be	  analysed,	  and	  a	  technology	  readiness	  level	  (TRL)	  number	  assigned	  in	  assessment	  
of	   how	   feasible	   the	   designers’	   concepts	   are	   for	   commercialisation.	   Using	   the	   TRL	  
scale	  would	  help	  to	  aid	  mutual	  understanding	  and	  communication	  between	  industry	  
and	  designers	  of	  how	  ‘ready’	  for	  commercialisation	  a	  design	  is.	  	  
	  
	  
When	  evaluating	  the	  data,	  one	  of	  the	  coding	  schemes	  could	  be	  adapted	  from	  Chai’s	  
et	   al.	   (Chai,	   et	   al.	   2015)	   research	   (Table	   19),	   which	   was	   used	   to	   determine	  
behavioural	  analysis	  of	  analogical	  reasoning	  in	  design.	  A	  second	  coding	  scheme	  that	  
could	  be	  used	  is	  by	  theme,	  e.g.	  if	  the	  concept	  is	  ‘wearable’	  in	  some	  way.	  	  
	  
Analysis	  of	  the	  data	  could	  consist	  of:	  
	  
• Number/percentages	  
• Frequencies	  of	  behaviours	  
• Open/Quality	  data	  (thoughts)/unexpected	  observations	  
	  
	  
Adapting	   Chai’s	   et	   al.	   research	   coding	   system,	   the	   coding	   scheme	   for	   presenting	  
printed	  electronics	  to	  designers	  (Table	  22)	  and	  analysis	  could	  also	  be	  focused	  on	  the	  
designers’	   behavioural	   frequencies	   during	   analogical	   reasoning	   in	   design.	   Using	  
behavioural	   analysis	   would	   aid	   the	   judging	   process,	   determining	   the	   overall	   TRL	  
number	   to	   assign	   to	   finished	   designs,	   through	   coupling	   the	   design	   process	   and	  
designs	   produced,	   with	   the	   characteristics	   of	   printed	   electronics	   technology.	  
Ultimately,	  the	  behavioural	  coding	  and	  analysis	  could	  be	  used	  to	  further	  dissect	  the	  
already	  annotated	  content	  on	  paper	  to	  help	  determine	  what	  TRL	  each	  concept	  has	  
reached,	  and	  if	  the	  information	  presented	  to	  the	  designers	  was	  sufficient	  to	  produce	  
feasible	   ideas	   for	  printed	  electronics	   technology.	  Due	   to	   the	   technology	  being	  at	  a	  
very	   early	   stage	   in	   relation	   to	   design,	   the	  workshops	   could	   focus	   on	   ‘what	   can	  be	  
produced	  when	  industrial	  designers	  are	  presented	  with	  this	  technology?’	  rather	  than	  
‘how	  can	  we	  approach	  the	  transfer	  of	  this	  technology	  to	  an	  education	  for	  industrial	  
designers?’.	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Table	  22	  -­‐	  Coding	  scheme	  for	  study	  
Behaviours	   Explanations	   Examples	  
Existing	  (EX)	   The	   participant	   uses	   existing	   example	   distinct	  
elements	   from	   the	   given	   presentation	   on	   the	  
technology	   in	   their	   designs.	   This	   focuses	   on	   existing	  
ideas,	   which	   are	   unique	   and	   can	   be	   identified	   as	  
inspiration	   from	   which	   the	   designers	   adapt,	   e.g.	  
Novalia’s	   ‘cat’	   illustration/art	   work	   circuitry	   inspiring	  
‘bird’	  circuitry.	   	  
Form	  1	  (F1)	   The	  participant	  makes	  small	  or	  auxiliary	  changes	  about	  
the	   form,	   adds	   minor	   improvements	   to	   the	   same	  
general	  design	  concept,	  or	  provides	  a	  different	  view	  of	  
the	  design	  concept.	   	  
Form	  2	  (F2)	   The	   participant	   explores	   the	   possibility	   of	   different	  
forms,	   while	   maintaining	   the	   existing	   line	   of	   design	  
concept.	   	  
Form	  3	  (F3)	   The	  participant	  generates	  a	  new	  design	  concept	  
	  
Elaboration	  1	  
(E1)	  
The	   participant	   makes	   minor	   changes	   to	   a	   certain	  
detail,	  or	  sketches	  a	  different	  view	  of	  it	  without	  further	  
consideration.	  
	  
Elaboration	  2	  
(E2)	  
The	   participant	   attempts	   to	   explore	   the	   possibility	   of	  
different	  solutions	  of	  a	  certain	  aspect.	  
	  
Elaboration	  3	  
(E3)	  
The	   participant	   elaborates	   his/her	   design	   concept	   by	  
focusing	   on	   the	   details,	   such	   as	   the	   material,	  
encasement,	   transportation,	   the	   way	   it	   serves	   users,	  
etc.	  
	  
Printed	  
Electronics	  1	  
(PE1)	  
The	  participant	  uses	  technology	  in	  a	  2D,	  flat	  nature.	  
	  
Printed	  
Electronics	  2	  
(PE2)	  
The	   participant	   manipulates	   2D	   flat	   nature	   such	   as	  
through	  rolling	  or	  bending	  etc.	  
	  
Printed	  
Electronics	  3	  
(PE3)	  
The	   participant	   makes	   an	   allowance	   for	   any	  
conventional,	  silicon	  components.	  
	  
Printed	  
Electronics	  4	  
(PE4)	  
The	   participant	   uses	   manufacturing	   nature	   of	   the	  
technology,	   such	   as	   consideration	   for	   ink	   application	  
e.g.	  printing	  onto	  3D	  surfaces	  using	   inkjet,	  or	  thinking	  
about	   machine	   production	   line	   such	   as	   roll-­‐to-­‐roll	  
linked	  with	  end	  product	  produced.	   	  
Printed	  
Electronics	  5	  
(PE5)	  
The	  participant’s	  placement	  of	  the	  technology	  within	  a	  
design,	   in	   an	   encapsulated/safe	   position,	   wear	   and	  
tear	  appropriate.	  
	  
	   327	  
The	   data	   assessment	   at	   the	   concept	   generation	   stage	   could	   analyse	   two	   different	  
sections,	   the	   thought/design	  process,	   and	   the	   final	   design.	   Coding	   for	   themes	   and	  
behaviour	   could	  be	  used	   through	  both	   sections,	   but	   TRL	   grading	  using	   the	  printed	  
electronics	  scale	  should	  only	  be	  used	  on	  the	  final	  designs.	  This	  would	  be	  achieved	  by	  
judging	  the	  final	  concepts	  against	  what	  currently	  exists	  in	  printed	  electronics,	  such	  as	  
manufacturing	   information,	   laboratory	   work,	   research	   papers,	   industry	   examples	  
and	  prototypes.	  	  
	  
A	  short	  passage	  could	  be	  read	  out	  at	  the	  beginning	  of	  the	  concept	  generation	  stage:	  
Please	  do	  not	  discuss	  at	  this	  stage	  any	  of	  the	  concepts	  or	  ideas	  in	  this	  part	  of	  
the	  workshop	  with	  other	  participants,	  as	  your	   individual	  view	  and	   ideas	  are	  
very	  valuable	  for	  this	  study.	  
Following	   the	   information	   presented	   in	   the	   workshop	   about	   printed	  
electronics	   technology,	   at	   this	   stage	   in	   the	   workshop	   you	   will	   be	   asked	   to	  
create	  concept	  generation	  with	  printed	  electronics.	  Please	  annotate	  sketches	  
thoroughly,	   also	  using	   incremental	   labelling	  of	   sketches	   if	   possible,	   to	   show	  
how	  the	  design	  has	  progressed/which	  order	  the	  sketches	  were	  drawn.	  
The	   Idea	  Generation	  sheet	  has	  been	  provided	  for	  the	  use	  of	   idea	  generation	  
with	  printed	  electronics	  technology	  following	  the	  information	  presented	  in	  the	  
workshop.	  
	  
Hand-­‐outs	  (Appendix	  15:	  Handouts)	  could	  be	  provided	  for	  designers	  to	  sketch	  (with	  
annotations),	  sketch	  finished	  design	  and	  provide	   information/analysis	   including	  the	  
design’s	  Strengths,	  Weaknesses,	  Opportunities	  and	  Threats	  (SWOT	  analysis),	  state	  if	  
there	  are	  any	  similar	  existing	  products,	  the	  design’s	  Unique	  Selling	  Point	  (USP)	  with	  
incorporated	  printed	  electronics.	  There	  should	  also	  be	  space	  for	  further	  information	  
or	  description	  of	  the	  design,	  who	  it	  is	  aimed	  at	  and	  which	  age	  category	  it	  is	  aimed	  at.	  
This	   would	   help	   to	   gather	   more	   information	   about	   sketches	   and	   the	   designer’s	  
vision/idea.	  	  
	  
	  
A	   possible	   hypothesis	   of	   presenting	   printed	   electronics	   to	   designers	   through	  
workshops	   would	   be	   that	   the:	   TRLs	   of	   finished	   designs	   should	   be	   higher	   in	   the	  
second	   workshop	   when	   designers	   know	   more	   information	   on	   printed	   electronics	  
than	  the	  first	  workshop	  with	  only	  minimal	  information.	  
	  
A	   potential	   limitation	   of	   the	   workshops	   would	   be	   the	   time	   limit	   for	   concept	  
generation	  in	  the	  workshops	  could	  affect	  how	  many	  designs	  are	  produced,	  and	  also	  
the	   quality	   of	   the	   designs	   with	   regards	   to	   elaboration	   and	   refinement	   of	   those	  
designs.	   As	   the	   designers	  may	   potentially	   feel	   under	   pressure	   to	   produce	   a	   lot	   of	  
designs	   in	   a	   short	   amount	   of	   time,	   this	   may	   also	   affect	   which	   TRL	   number	   each	  
finished	  design	  reaches.	  	  
	  
Results	  from	  the	  study	  could	  also	  be	  compared	  with	  Chai’s	  et	  al.	  conclusions:	  Chai’s	  
et	  al.	  research	  concluded	  with	  the	  statement	  “an	  ideal	  behavior	  model	  of	  analogical	  
reasoning	  may	  comprise	  more	  time	  on	  E3,	  less	  time	  on	  F3	  and	  appropriate	  time	  on	  R,	  
F1,	  F2,	  E1	  and	  E2”	  (Chai,	  et	  al.	  2015,	  p.27).	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When	   evaluating	   the	   teaching	   of	   this	   technology,	   Krathwohl’s	   ‘taxonomy	   table’	  
(Figure	   41),	   or	   similarly,	   Fraher	   and	   Martinson’s	   ‘pedagogical	   matrix’	   (Figure	   44)	  
could	  be	  used	  as	  a	  method	  of	  analysis	  of	  the	  objectives,	  and	  to	  indicate	  “the	  extent	  
to	   which	  more	   complex	   kinds	   of	   knowledge	   and	   cognitive	   processes	   are	   involved”	  
which	  can	  be	  used	  to	  identify	  missed	  teaching	  opportunities	  by	  examining	  the	  blank	  
areas	   of	   the	   table	   and	   reflecting	   on	   them	   (Krathwohl,	   D.,	   2002,	   p.	   216-­‐217).	   A	  
project’s	   structure	   can	   be	   broken	   down	   into	   a	   number	   of	   phases	   and	   then	   these	  
phases	   analysed	   on	   their	   educational	   objectives	   and	   strategies	   by	   applying	   the	  
pedagogical	   matrix	   (Appendix	   2:	   Table	   of	   Project	   Structure	   (in	   phases)	   and	  
application	  of	  pedagogical	  matrix	  –	  from	  Fraher	  and	  Martinson’s	  work).	  
	  
	  
7.2.4	   Summary	   support	   sheet:	   Incorporating	   printed	  
electronics	  technology	  into	  the	  higher	  education	  design	  
curriculum	  
	  
The	   researcher	   has	   created	   a	   two-­‐page	   summary	   support	   sheet	   (Figure	   158,	   and	  
Figure	   159)	   for	   use	   by	   educators	   in	   the	   higher	   education	   design	   curriculum	   for	  
incorporating	  printed	  electronics	  technology	  as	  a	  module	  of	  study	  within	  the	  existing	  
design	  curriculum.	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Figure	  158	  -­‐	  Summary	  support	  sheet	  page	  1	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Figure	  159	  -­‐	  Summary	  support	  sheet	  page	  2	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8.0	  Discussion	  
	  
An	  outcome	  of	   the	   literature	  review	  was	   three	  existing	  case	  studies	  where	  printed	  
electronics	   technology	   had	   previously	   been	   presented	   to	   student	   designers.	   From	  
comparing	  the	  case	  studies,	   it	  seemed	  that	  the	  designers	  themselves	  felt	   that	  they	  
had	   learnt	   a	   lot	   about	   printed	   electronics	   and	   therefore	   felt	   more	   confident	   as	   a	  
designer	   with	   this	   new	   knowledge.	   However,	   in	   the	   case	   study	   projects	   it	   was	  
evident	  that	  the	  designers	  relied	  heavily	  on	  the	  printed	  electronics	  experts’	  advice,	  
and	  all	  of	  the	  projects	  had	  a	  strong	  emphasis	  on	  commercialisation	  and	  innovation	  of	  
the	   designs,	   with	   the	   next	   steps	   of	   the	   projects	   being	   to	   create	   prototype	  
demonstrators	  and	  the	  commercialisation	  of	  the	  designs.	  	  When	  comparing	  each	  of	  
the	  case	  study	  projects,	  there	  was	  quite	  a	  large	  difference	  between	  them	  in	  the	  what	  
the	  brief	  was	  for	  students,	  what	  the	  students’	  needed	  to	  consider,	  and	  also	  the	  final	  
judging	  criteria	  or	  scorecards	  used	  for	  assessing	  their	  design	  output	  (see	  Table	  5).	  By	  
studying	  each	  of	  the	  case	  studies’	  final	  design	  outputs	  that	  were	  published,	  insights	  
into	  the	  range	  of	  designs	  produced	  during	  the	  project	  were	  fairly	  limited,	  as	  only	  the	  
‘winning’	  designs	  were	  published,	  however,	   case	   study	   three	   revealed	   the	  winning	  
design	   and	   also	   the	   designs	   of	   the	   three	   finalists,	  which	   showed	   that	   there	  was	   a	  
range	  of	  ideas	  and	  designs	  that	  were	  produced	  in	  the	  project.	  These	  outcomes	  from	  
the	  literature	  review	  informed	  and	  provided	  a	  basis	  for	  the	  primary	  data	  collection,	  
as	   it	   increased	   the	   researcher’s	   understanding	   of	  what	   had	  been	   achieved	  before,	  
allowing	   the	   researcher	   to	  have	  an	  amount	  of	  background	  knowledge	  on	   the	   case	  
study	  projects	  before	  proceeding	  with	  primary	  data	  collection.	  
	  
To	   increase	   the	   validity	   of	   this	   research,	   the	   following	   approach	   was	   taken:	   to	  
compare	   evidence	   from	   the	   two	   different	   data	   sources	   (education	   interviews;	  
industry	  interview);	  these	  were	  examined	  and	  used	  to	  build	  a	  coherent	  justification	  
for	   themes.	   Creswell	   discusses:	   “If	   themes	   are	   established	   based	   on	   converging	  
several	   sources	   of	   data	   or	   perspectives	   from	  participants,	   then	   this	   process	   can	  be	  
claimed	  as	  adding	  to	  the	  validity	  of	  the	  study”	  (Creswell,	  J.W.,	  2014,	  p.201).	  	  
	  
Within	  this	  research,	  the	  data	  gathered	  were	  the	  perspectives	  from	  participants	  who	  
have	  experience	  presenting	  printed	  electronics	   technology	   to	  designers	   (education	  
interviews,	  and	  industry	  interview).	  The	  findings	  from	  these	  interviews	  are	  discussed	  
and	  themes	  in	  this	  data	  are	  identified	  in	  this	  section.	  
	  
	  
In	   the	   education	   interviews,	   the	   data	   gathered	   were	   the	   perspectives	   from	  
participants	   who	   have	   experience	   presenting	   printed	   electronics	   technology	   to	  
designers.	   With	   this	   experience	   and	   their	   backgrounds,	   the	   participants	   were	  
regarded	   as	   ‘educational	   experts’.	   During	   these	   interviews	   an	   area	   largely	   spoken	  
about	   was	   the	   technical	   constraints	   of	   printed	   electronics	   technology,	   and	   what	  
stage	  the	  technology	  will	  be	  at	  in	  the	  near	  future,	  in	  the	  next	  two	  to	  three	  years.	  This	  
two	  to	  three	  year	  technology	  forecast	  was	  also	  what	  the	  students	  wanted	  to	  know	  
about:	  the	  technology’s	  current	  constraints’	  or	  limitations	  in	  terms	  of	  power,	   levels	  
of	  illumination,	  battery	  life,	  and	  the	  amount	  of	  memory	  that	  can	  be	  incorporated.	  In	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relation	   to	   the	   technology	   itself,	  designers	  also	  wanted	   to	  know	  the	  dimensions	   in	  
size	  in	  which	  a	  technology	  can	  be	  printed	  in	  -­‐	  such	  as	  how	  big	   it	  can	  be,	  the	  radius	  
that	  can	  be	  printed	  around,	  and	  how	  feasible	  the	  technology	   is.	  The	  designers	  also	  
wanted	  to	  know	  if	  the	  technology	  is	  flexible,	  such	  as	  when	  a	  student	  was	  designing	  a	  
shoe	  and	  wanted	  to	  incorporate	  the	  technology,	  they	  wanted	  to	  know	  if	  they	  could	  
use	  an	  elastomer,	  and	  therefore	  if	  the	  technology	  would	  flex	  or	  be	  flexible.	  	  
	  
The	   educational	   experts	   recognised	   successful	   methods	   of	   communication	   to	  
heighten	  students’	  engagement	  when	  learning	  about	  the	  technology	  as	  being	  able	  to	  
see	   and	   experience	   the	   technology	   first-­‐hand	   or	   the	   situation	   that	   they	   will	   be	  
designing	   for,	   so	   a	   practical,	   hands-­‐on	   experience	   would	   be	   beneficial,	   such	   as	   a	  
factory	   visit.	   Cartoon	   style	   illustrations	   to	   make	   a	   point	   about	   printed	   electronics	  
technology	   proved	   effective	   when	   translating	   the	   technology	   to	   students.	   The	  
educational	  experts	  suggested	  video	  communication	  in	  order	  to	  provide	  the	  overall	  
concept,	  technical	  concepts,	  and	  user	  benefit	  concepts.	  	  
	  
The	  students	  working	  in	  groups	  was	  also	  a	  successful	  approach	  to	  learning	  about	  the	  
technology	  and	  designing	  with	  it,	  through	  a	  two-­‐stage	  approach:	  
1. Assign	  one	  vertical	   (market/sector)	   to	  each	  group	  of	  students	  to	  design	  for;	  
this	  allows	  them	  to	  have	  a	  contextual	  understanding	  of	  the	  restraints	  in	  their	  
project,	  allows	  them	  to:	  state	  the	  sector	  that	  they	  are	  designing	  for,	  find	  out	  
what	  that	  sector	  expects	  on	  what	  the	  restraints	  of	  that	  sector	  are,	  and	  what	  
issues	  they	  have	  to	  address	  immediately.	  	  
2. After	  working	  on	  one	  vertical,	  students	  are	  then	  free	  to	  pick	  a	  different	  one	  
to	  design	  for	  if	  they	  like.	  	  
	  
Suggestions	  from	  educational	  experts	  also	  included	  questions	  that	  designers	  can	  ask	  
themselves	  when	   evaluating	   a	   broad	   brief	   in	   the	   context	   of	   designing	  with	   a	   new	  
technology,	  where	  the	  client	  may	  not	  always	  know	  exactly	  what	  they	  want.	  The	  task	  
for	  designers	  would	  be	  to	  ask	  themselves:	  why	  does	  the	  client	  need	  this?	  What	  is	  the	  
purpose	  of	   it?	  And	  who	   is	   the	  client	   targeting	  with	   it?	  Following	   this,	   the	  designer	  
needs	   to	  ask	   themselves	  what	   could	   they,	  as	  a	  designer,	  design	   to	  make	   the	   story	  
about	  the	  technology	  really	  compelling	  for	  the	  client’s	  potential	  clients?	  
	  
	  
In	  the	  industry	  interview,	  the	  data	  gathered	  was	  the	  perspective	  from	  the	  participant	  
who	   has	   experience	   presenting	   printed	   electronics	   technology	   to	   designers.	   With	  
this	  experience	  and	  their	  background,	   the	  participant	  was	  regarded	  as	  an	   ‘industry	  
expert’.	   The	   industry	   expert	   suggests	   that	   the	   design	   students	   need	   to	   have	  
commercial	  realism	  in	  terms	  of	  what	  makes	  sense	  with	  this	  technology,	  not	  to	  simply	  
wrap	  a	  high	  resolution	  display	  around	  a	  can,	  but	  to	  apply	  this	  technology	  within	  the	  
context	  of	  the	  company	  that	  they	  are	  designing	  for,	  and	  also	  to	  be	  intuitive	  for	  users,	  
something	   users	   can	   relate	   to,	   for	   example	   making	   the	   lids	   of	   cans	   into	   printed	  
electronic	  drums.	  	  	  
	  
From	  the	  industry	  expert’s	  perspective,	  designers	  are	  expected	  to	  have	  a	  degree	  of	  
design	   competence,	   to	   have	   some	   understanding	   of	   the	   process	   to	   go	   through	   to	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generate	  designs.	   For	   designers,	   and	   for	   companies	   talking	   to	  designers,	   emphasis	  
needs	  to	  be	  on	  what	  the	  technology	  can	  do,	  rather	  than	  focussing	  on	  the	  technology	  
itself	  (technical	  details).	  
	  
The	   industry	   expert	   identified	   two	   main	   barriers	   encountered	   in	   communicating	  
printed	  electronics	  technology	  to	  designers:	  
1. Issue	  around	  understanding	  the	  technology	  itself	  
2. Some	  of	  the	  technology	  is	  not	  ready	  yet,	  so	  there	  is	  a	  timeline	  issue	  
	  
The	   industry	   expert	   observed	   that	   the	   design	   students	   gave	   positive	   feedback	   in	  
relation	  to	  representing	  their	  design	  concepts	  at	  an	  exhibition,	  and	  the	  experience	  of	  
questions	  about	  their	  projects	  from	  a	  wider	  audience	  who	  were	  not	  involved	  in	  the	  
project.	  This	  allowed	  the	  students	  to	  explore	  their	  concepts	  more	  elsewhere	  through	  
discussing	   their	   work	  with	   others.	   In	   each	   of	   the	   case	   study	   projects	   the	   industry	  
expert	   said	   that	   the	   designers	   worked	   in	   teams;	   this	   can	   be	   helpful	   when	  
understanding	  a	  new	  technology.	  
	  
	  
	  
After	   comparing	   the	   data,	   there	   were	   three	   main	   themes	   identified:	   technical	  
constraints,	  designers’	  perspective,	  and	  what	  a	  designer	  is	  required	  to	  do:	  
	  
In	  the	  education	  interviews,	  technical	  constraints	  were	  an	  area	  largely	  spoken	  about.	  
Some	   of	   the	   student	   designers	   became	   overwhelmed	   by	   the	   technical	   details	   and	  
proved	  to	  be	  a	  difficult	  subject	  for	  some	  designers,	  however	  the	  educational	  experts	  
suggested	   to	   not	   view	   it	   as	   an	   absolute,	   but	   to	   define	  what	   a	   particular	   technical	  
constraint	  is	  at	  the	  moment,	  and	  then	  show	  how	  the	  technology	  may	  develop	  in	  two	  
or	  three	  years’	  time.	  The	  design	  students	  also	  expressed	  this	  as	  an	  aspect	  that	  they	  
would	  like	  to	  see,	  almost	  in	  the	  form	  of	  a	  technology	  short	  term	  forecast.	  	  
	  
The	  industry	  expert	  identified	  issues	  around	  understanding	  the	  technology	  itself,	  but	  
also	   the	   fact	   that	   some	   of	   the	   technology	   is	   not	   ready	   yet,	   and	   that	   there	   is	   a	  
timeline	  issue.	  
	  
	  
The	   educational	   experts	   identified	   the	   areas	   of	   the	   technology	   that	   the	   designers	  
would	  ask	  about,	  such	  as	  wanting	  to	  see	  a	  two	  to	  three	  year	  technology	  forecast,	  the	  
technology’s	   current	   constraints	   or	   limitations	   in	   terms	   of	   power,	   levels	   of	  
illumination,	   battery	   life,	   and	   the	   amount	   of	   memory	   that	   can	   be	   incorporated.	  
Designers	   also	   focussed	   on	   the	   size/dimensions	   of	   what	   the	   technology	   could	  
achieve,	  such	  as	  the	  radius	  that	  could	  be	  printed	  around,	  how	  big	  it	  can	  be,	  and	  how	  
feasible	  the	  technology	  is.	  Designers	  were	  also	  asking	  if	  the	  technology	  was	  flexible	  
or	  would	  flex	  as	  they	  wanted	  to	  incorporate	  the	  technology	  with	  other	  materials	  that	  
are	  flexible.	  
	  
The	  industry	  expert	  observed	  that	  the	  designers	  gave	  positive	  feedback	  in	  relation	  to	  
representing	  their	  design	  concepts	  at	  an	  exhibition,	  and	  the	  experience	  of	  questions	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about	   their	   projects	   from	  a	  wider	   audience	  who	  were	  not	   involved	   in	   the	  project.	  
This	   allowed	   the	   students	   to	   explore	   their	   concepts	   more	   elsewhere	   through	  
discussing	  their	  work	  with	  others.	  
	  
	  
The	   education	   interviews	   produced	   suggestions	   about	   what	   a	   designer	   can	   ask	  
themselves	  when	   evaluating	   a	   broad	   brief	   in	   the	   context	   of	   designing	  with	   a	   new	  
technology,	  where	  the	  client	  may	  not	  always	  know	  exactly	  what	  they	  want.	  The	  task	  
for	  designers	  would	  be	  to	  ask	  themselves:	  why	  does	  the	  client	  need	  this?	  What	  is	  the	  
purpose	  of	   it?	  And	  who	   is	   the	  client	   targeting	  with	   it?	  Following	   this,	   the	  designer	  
needs	   to	  ask	   themselves	  what	   could	   they,	  as	  a	  designer,	  design	   to	  make	   the	   story	  
about	  the	  technology	  really	  compelling	  for	  the	  client’s	  potential	  clients?	  
	  
The	   industry	   expert	   suggests	   that	   the	   design	   students	   need	   to	   have	   commercial	  
realism	   in	   terms	   of	   what	   makes	   sense	   with	   this	   technology.	   From	   the	   industry	  
expert’s	  perspective,	  designers	  are	  expected	  to	  have	  a	  degree	  of	  design	  competence,	  
to	  have	  some	  understanding	  of	  the	  process	  to	  go	  through	  to	  generate	  designs.	  For	  
designers,	  and	  for	  companies	  talking	  to	  designers,	  emphasis	  needs	  to	  be	  on	  what	  the	  
technology	  can	  do,	  rather	  than	  focussing	  on	  the	  technology	  itself	  (technical	  details).	  
	  
	  
8.1	  Limitations	  of	  study	  
	  
Data	  collection	  process	  for	  each	  study	  was	  through	  semi-­‐structured	  interviews	  with	  
participants,	  with	  different	  lists	  of	  questions	  to	  correspond	  to	  the	  different	  areas	  of	  
the	   research	   topic.	   This	   method	   provided	   structure	   to	   the	   interviews,	   but	   also	  
allowed	   room	   to	   discuss	   related	   topics,	   unfortunately	   the	   interviewer	   occasionally	  
(accidently)	   asked	   the	   questions	   out	   of	   order	   which	   may	   have	   disrupted	   the	  
participants’	  thought	  pattern,	  however	  all	  of	  the	  questions	  were	  addressed	  in	  each	  
interview,	  therefore	  succeeding	  in	  the	  task	  of	  collecting	  the	  qualitative	  data	  required	  
for	  the	  study	  (gathering	  their	  opinions	  /	  views	  on	  the	  topics).	  The	  limitations	  of	  the	  
research	  also	   included	  a	  few	  problems	  found	  with	  the	  data	  collection	  process	  such	  
one	  of	  the	  interviews	  was	  delayed	  (by	  the	  participant),	  so	  the	  researcher	  needed	  to	  
change	   meeting	   rooms	   during	   the	   interview	   as	   it	   overran	   the	   meeting	   room’s	  
booked	   time	   slot,	   this	   therefore	   could	   have	   interrupted	   participant’s	   thought	  
pattern.	   A	   technical	   issue	   occurred	   in	   one	   of	   the	   interviews	   (the	   audio	   recording	  
equipment	  failed,	  so	  the	  researcher	  needed	  to	  find	  another	  audio	  recording	  device)	  
so	   a	   brief	   break	   in	   the	   interview	   could	   have	   interrupted	   participant’s	   thought	  
pattern.	  During	  the	  interviews,	  sometimes	  participants	  would	  discuss	  topics	  relating	  
back	  to	  previous	  questions	  or	  topics	  not	  yet	  covered	  in	  the	  interview,	  so	  some	  of	  the	  
answers	   provided	   occurred	   at	   different	   times	   of	   the	   interview	   to	   sometimes	  
unrelated	  questions.	  During	  the	  first	  study	  that	   involved	   interviews,	   the	  researcher	  
captured	   the	   data	   using	   both	   video	   and	   audio	   recording	   as	   two	   paper	   documents	  
were	   being	   discussed	   and	   so	   the	   researcher	   decided	   that	   this	   would	   be	   the	   best	  
approach	  to	  capture	  data	  such	  as	  body	  language,	  and	  if	  the	  participants	  were	  talking	  
about	  a	  specific	  area	  of	  the	  paperwork,	  that	  they	  may	  point	  to	  which	  areas	  that	  they	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are	   talking	   about.	   However,	   in	   practice	   when	   looking	   over	   video	   data	   after	   the	  
interviews,	   it	   proved	   to	   not	   be	   very	   useful	   in	   direct	   relation	   to	   paper	   documents	  
provided,	   so	   therefore	   in	   future,	   the	   researcher	   would	   not	   recommend	   capturing	  
video	  data	  if	  carrying	  out	  a	  similar	  validation	  task.	  For	  the	  following	  interview	  studies	  
of	  a	  differing	  topic,	  the	  researcher	  therefore	  chose	  to	  use	  audio	  recording	  to	  capture	  
the	   interview	   as	   no	   new	   paper	   documents	   (created	   within	   the	   research)	   were	  
discussed	  and	  the	  researcher	  could	  pick	  up	  on	  any	  body	  language	  (if	  the	  participant	  
was	  comfortable	  or	  not	  talking	  about	  a	  particular	  topic)	  through	  the	  interview	  itself	  
and	  tone	  of	  voice	  on	  the	  audio	  recordings,	  so	  video	  recordings	  were	  therefore	  not	  
necessary	  for	  the	  study.	  
	  
The	   researcher	   received	   a	   good	   response	   rate	   from	   the	   individuals	   who	   were	  
approached	   to	   participate	   in	   the	   research	   (to	   gather	   primary	   research	   through	  
conducting	   interviews),	   there	   are	   not	  many	   leading	   experts	   that	   exist	   in	   this	   field.	  
The	  individuals	  who	  took	  part	  were	  experts	  from	  leading	  companies	  and	  pioneers	  in	  
the	  field,	  and	  were	  a	  selection	  of	  individuals	  from	  either	  industry	  or	  academia.	  This	  
variety	  of	  participants	  and	  their	  backgrounds	  (industry	  or	  academia)	  in	  both	  studies	  
(5.2	   Appraisal	   of	   TRL	   approach	   and	   taxonomy,	   and	   6.0	   Educator	   and	   Industry	  
interviews	  on	  ‘approaches’	  to	  the	  communication	  of	  printed	  electronics	  technology	  
to	   designers)	   allowed	   the	   researcher	   to	   capture	   their	   opinions	   and	   offered	   the	  
research	  a	  balanced	  view	  of	  the	   interview	  research	  topics.	  There	  were	  a	   few	  other	  
individuals	  that	  the	  researcher	  approached	  to	  participate	  in	  the	  studies,	  none	  of	  the	  
individuals	  refused	  or	  resisted	  to	  participate,	  they	  simply	  did	  not	  reply	  to	  the	  email	  
invitations	   and	   follow	   up	   emails.	   These	   individuals	   approached	   included	   two	  
individuals	  from	  industry	  from	  different	  printed	  electronics	  companies	  for	  the	  study	  
with	  printed	  electronics	  experts	  (5.2	  Appraisal	  of	  TRL	  approach	  and	  taxonomy),	  one	  
individual	  was	   a	   company	   co	   founder	   since	   2006,	   previously	  worked	   for	   a	   printed	  
circuit	   board	   company	   for	   11	   years,	   and	   had	   a	   background	   in	   physics	   and	   PhD	   in	  
semiconductor	  material	  analysis;	  and	  the	  other	  was	  a	  CEO	  and	  co	  founder	  of	  a	  start	  
up	  company	  in	  2009	  from	  graduating	  university,	  develops	  external	  partnerships,	  and	  
is	   based	   in	   sensing	   technologies.	   These	   two	   individuals	   were	   approached	   as	   their	  
backgrounds	  and	  experience	  differed	  greatly	   from	  the	   individuals	  who	  took	  part	   in	  
the	   study,	  and	   therefore	   their	  opinions	  and	  approaches	  may	  have	  offered	  broader	  
insights.	  For	  the	  approaches	  to	  the	  communication	  of	  printed	  electronics	  technology	  
to	   designers	   study	   (6.0	   Educator	   and	   Industry	   interviews	   on	   ‘approaches’	   to	   the	  
communication	   of	   printed	   electronics	   technology	   to	   designers),	   the	   individuals	  
approached	   included	   three	   individuals	   who	   were	   involved	   in	   the	   projects:	   one	  
individual	  was	   a	  director	  of	   external	   affairs	   from	  a	  packaging	   technology	   company	  
and	  worked	  there	  since	  2012	  who	  was	   involved	   in	  one	  of	   the	  projects,	  had	  a	  PhD,	  
and	   had	   previously	   worked	   across	   a	   range	   of	   research	   projects	   involving	   the	  
technology,	  one	  individual	  was	  a	  national	  outreach	  manager	  since	  2014	  for	  a	  printed	  
electronics	  centre	  who	  was	  involved	  in	  one	  of	  the	  projects,	  18	  years	  prior	  experience	  
in	   the	   semiconductor	   industry	   driving	   research	   and	   innovation	   globally,	   with	   a	  
degree	   and	   PhD	   in	   electrical	   engineering,	   and	   one	   individual	  who	  was	   a	   leader	   of	  
postgraduate	   design	   programmes	   at	   a	   university	   with	   27	   years	   experience	  
collaborating	  with	  industry	  partners	  through	  commercial	  design	  projects,	  and	  had	  a	  
PhD	  covering	  topics	  such	  as	  design,	  academic	  collaboration,	  intellectual	  property	  and	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commercial	  value	  for	  business,	  and	  new	  postgraduate	  curricula,	  and	  was	  involved	  in	  
one	  of	  the	  projects.	  These	  individuals	  were	  from	  a	  variety	  of	  backgrounds	  and	  could	  
therefore	  have	  offered	  a	  broader	  insight	  into	  the	  projects	  and	  their	  communication	  
approaches	  within	  the	  projects.	  Interviewing	  more	  participants	  could	  have	  enhanced	  
the	   research,	   providing	   richer	   information	   through	   gathering	   more	   individuals’	  
opinions	  and	  views	  on	  the	  topics.	  On	  reflection,	  as	  not	  everyone	  responded	  to	  the	  
invitations	   via	   email	   or	   to	   the	   follow	   up	   emails	   sent	   out	   to	   them,	   to	   improve	   this	  
situation	   in	   future	   and	   encourage	  participants	   to	   respond	   and	  potentially	   increase	  
the	  number	  of	  participants,	   the	  researcher	  would	  recommend	  seeking	  advice	   from	  
the	  researcher’s	  own	  university/organisation	  for	  support	  and	  guidance	  on	  methods	  
or	   how	   to	   recruit	   and	   engage	   individuals	   to	   encourage	   their	   participation	   in	   the	  
research.	   An	   alternative	  method	  may	  have	   also	   been	   affective,	   such	   as	   calling	   the	  
participants	  via	  telephone,	  or	  possibly	  arranging	  to	  visit	  them	  to	  discuss	  the	  research	  
and	  the	  purpose	  of	  the	  interviews	  to	  increase	  their	  interest	  in	  the	  research	  topic.	  
	  
	  
After	   the	   research	   interviews,	   the	   limitations	   and	   the	   reliability	   of	   the	   experts’	  
comments	   and	   their	   authority	  were	  made	   clear	   to	   the	   researcher,	  with	   regards	   to	  
recognising	  that	  the	  experts’	  have	  uncertainty	  in	  their	  own	  up-­‐to-­‐date	  knowledge	  on	  
the	  topics	  (as	  they	  felt	  that	  they	  may	  have	  not	  read	  the	  latest	  published	  research	  on	  
the	  topic),	  also	  uncertainty	  around	  technology	  readiness	  level	  (TRL)	  grading	  selected	  
parts	   of	   the	   taxonomy	  of	   printed	  electronics	   as	   they	   felt	   that	   they	  were	  not	   close	  
enough	  to	  that	  specific	  piece	  of	   research	  to	  be	  able	  to	  TRL	  grade	   it	   (even	  with	  the	  
publications	  to	  hand).	  At	  times,	  throughout	  the	  interviews,	  the	  experts	  would	  discuss	  
subjects	   that	   were	   slightly	   off-­‐topic	   and	   not	   really	   related	   to	   the	   project	   being	  
discussed	  and	  what	  happened	  within	  the	  project,	  for	  example,	  the	  topic	  of	  ‘MOOCs’	  
(Massive	  Open	  Online	  Courses)	  occurring	  in	  one	  of	  the	  interviews	  as	  the	  expert	  was	  
quite	   enthusiastic	   about	   the	   idea,	   however,	   with	   such	   high	   levels	   of	   doubt	   and	  
negativity	  around	  MOOCs	  in	  both	  the	  education	  and	  assessment	  of	  students,	   it	  did	  
not	  seem	  to	  be	  a	  viable	  option	  to	  consider	  within	  this	  research,	  and	  it	  was	  not	  used	  
at	   the	   time	   of	   the	   discussed	   project.	   Another	   limitation	   or	   barrier	   within	   the	  
interviews	  was	  with	  one	  of	  the	  experts	  not	  understanding	  the	  task	  set	  of	  TRL	  grading	  
a	   specific	   part	   of	   the	   taxonomy	   of	   printed	   electronics	   based	   on	   the	   specific	  
publications	  provided	  to	  them.	  The	  expert	  attempted	  to	  TRL	  grade	  an	  entire	  section	  
of	   the	   taxonomy	  of	  printed	  electronics	   (which	  would	   include	  a	   variety	  of	   different	  
printing	   processes),	   a	   task	   that	   was	   simply	   too	   large,	   and	   this	   was	   not	   what	   the	  
research	  was	  asking	  of	  them.	  It	  was	  apparent	  to	  the	  interviewer	  that	  the	  expert	  was	  
uncomfortable	  doing	  this	  task	  (that	  they	  perceived	  as	  being	  much	  greater	  and	  more	  
challenging	  that	  it	  was	  intended	  to	  be)	  through	  the	  experts	  reaction	  to	  the	  task,	  and	  
so	   the	   interviewer	   explained	   again	   exactly	   what	   the	   task	   was	   and	   that	   the	   TRL	  
grading	  task	  is	  to	  only	  be	  related	  to	  the	  specific	  examples	  provided	  and	  the	  specific	  
areas	  of	   the	   taxonomy	  of	  printed	  electronics,	   not	  whole	   sections	  of	   the	   taxonomy	  
that	   include	  a	  variety	  of	  different	  printing	  processes.	  This	   issue	  may	  have	  occurred	  
partly	   due	   to	   the	   interviewer	   explaining	   the	   task	   only	   once	   before	   presenting	   the	  
expert	  with	  the	  information	  and	  task,	  and	  partly	  due	  to	  the	  expert	  misunderstanding	  
the	   task	   being	   asked	   of	   them,	   either	  way	   further	   communication	   around	   this	   task	  
was	  established	  and	  the	  interview	  continued	  and	  the	  task	  was	  completed.	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8.2	  Recommendations	  for	  further	  research	  
	  
Recommendations	  for	  further	  research:	  
• Present	   printed	   electronics	   technology	   within	   a	   higher	   education	  
environment	   to	   student	   designers	   using	   the	   summary	   support	   sheet	   as	   a	  
teaching	   guide	   (7.2.4	   Summary	   support	   sheet:	   Incorporating	   printed	  
electronics	   technology	   into	   the	   higher	   education	   design	   curriculum,	   Figure	  
158,	   and	   Figure	   159),	   using	   appropriate	   content	   (7.1	   Printed	   electronics	  
content	   for	   educating	   student	   designers)	   and	   approaches	   (7.2	   How	   to	  
educate	  designers	  about	  printed	  electronics)	  to	  be	  run	  as	  a	  module	  of	  study	  
within	  the	  existing	  design	  curriculum	  
• Teaching	   this	   topic	   would	   offer	   insights	   into	   how	   designers	   respond	   to,	  
perceive,	  and	  design	  with	  this	  technology	  
• Teaching	  this	  topic	  offers	  the	  opportunity	  to	  evaluate	  the	  effectiveness	  of	  the	  
teaching	   approach	   and	   content	   through	   the	   evaluation	   of	   design	   outputs	  
against	  marking	  criteria	  and	  learning	  outcomes	  
• Requesting	   student	   feedback	   forms	   or	   questionnaires	   at	   the	   end	   of	   the	  
module	   would	   offer	   valuable	   insights	   into	   the	   students’	   perspectives	   and	  
opinions	   on	   the	  module	   and	   its	   translation	   into	   design	   projects,	   identifying	  
areas	  that	  they	  thought	  was	  successful,	  or	  could	  be	  improved	  
• This	  further	  research	  would	  offer	  insights	  into	  how	  to	  encourage	  exploration	  
and	   innovation	   with	   this	   technology	   within	   the	   design	   phase	   (to	  
avoid/prevent	   students	   just	   copying	   what	   has	   been	   before),	   methods	   to	  
avoid	   students	   becoming	   overwhelmed	   by	   technological	   content/aspects,	  
insights	   into	   their	   preferred	   approaches	   to	   learning	   this	   technology	   (which	  
teaching	  approaches	  they	  respond	  positively	  to	  and	  feel	  that	  they	  can	  engage	  
with).	  	  	  
• Observe	   themes	   in	   the	   students’	   designs	  with	   PE	   technology,	   and	  whether	  
the	  students	  combine	  one	  PE	  element	  or	  more	  within	  each	  of	  their	  designs,	  
and	   if	   this	   is	   an	   active	   choice	   (being	   able	   to	   justify	   the	   purpose	   of	   the	  
different	  PE	  elements	  –	  product’s	   functionality,	   if	   it	  needs	  a	  combination	  of	  
PE	  elements	  or	  just	  one)	  or	  not.	  
• Further	   research	   could	   also	   consider	   building	   on	   the	   framework	   created	   in	  
this	  research,	  moving	  forward	  with	  this	  linear	  approach	  (taxonomy	  of	  printed	  
electronics)	  onto	  establishing	  any	  new	  or	  emerging	  areas	  of	   the	   technology	  
or	   terminology	   used	   and	   inter-­‐relationships	   (ontologies)	   between	   the	  
different	  elements	  of	  the	  technology	  (Larsen,	  K.,	  et	  al.,	  2017).	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9.0	  Conclusions	  
	  
In	   this	   chapter,	   the	   main	   conclusions	   established	   from	   the	   investigation	   are	  
summarised	  as	  follows:	  
	  
In	   some	   areas,	   such	   as	   medical	   applications	   (e.g.	   glucose	   strips),	   the	   functional	  
aspects	   (material	   science)	   of	   printed	   electronic	   components	   or	   elements	  may	   not	  
need,	   or	   may	   not	   be	   enhanced	   by,	   product	   design,	   because	   in	   these	   cases	   the	  
functional	   materials	   are	   sufficient	   in	   performing	   the	   actions	   required	   in	   the	  
application.	   Product	   design	   with	   this	   printed	   electronics	   technology	   needs	   to	  
enhance	  the	  user’s	  experience	   in	  some	  way,	  by	  offering	  the	  user	   ‘more’	  than	  what	  
the	  technology	  could	  offer	  independently.	  This	  could	  be	  achieved	  by	  various	  factors:	  
ergonomic	   aspects,	   user	   interface,	   a	   combination	  of	   technologies,	   etc.	   The	   cost	   of	  
printed	   electronics	   is	   not	   necessarily	   less	   than	   conventional	   silicon	   electronics,	   so	  
therefore	  it	  needs	  to	  offer	  alternatives,	  such	  as	  form	  factor	  benefits	  and	  lightweight	  
properties	  when	  applied	  in	  designs.	  
	  
A	  ‘taxonomy	  of	  printed	  electronics’	  and	  a	  ‘printed	  electronics	  technology	  readiness	  
level	   (TRL)	   scale’	   have	   been	   created,	   then	   validated	   and	   confirmed	   by	   printed	  
electronics	   experts	   through	   interviews.	   Even	   though	   the	   task	   of	   TRL	   grading	   the	  
taxonomy	   of	   printed	   electronics	   is	   incomplete	   (using	   the	   printed	   electronics	  
technology	   readiness	   level	   scale),	   there	   is	   one	   section	   that	   the	   researcher	   has	  
completed:	  ‘interconnect’.	  This	  means	  that	  this	  ‘interconnect’	  section	  can	  be	  used	  to	  
educate	   student	   designers	   about	   printed	   electronics	   technology,	   and	   provides	   a	  
good	  start	  in	  designers	  learning	  about	  this	  technology,	  as	  the	  examples	  were	  judged	  
in	  a	  non-­‐biased	  way,	  purely	   judging	  them	  against	  the	  printed	  electronics	  TRL	  scale,	  
focusing	  on	  areas	  such	  as	  the	  printing	  process	  used	  (if	  any	  –	  could	  have	  been	  created	  
by	   hand	   or	   actually	   via	   an	   industrial	   printing	   press),	   it’s	   reproducibility,	   if	  
costing/economics	   has	   been	   considered,	   if	   a	   demonstrator	   has	   been	   produced,	  
volume	  produced	  in	  publication,	  etc.	  	  
	  
Whilst	  many	   recognise	   technology	   readiness	   level	   (TRL)	   scales	   as	   good	  method	   of	  
assessing	  the	  progress	  of	  a	  technology,	  there	  is	  a	  lot	  of	  uncertainty	  when	  it	  comes	  to	  
actually	   assigning	   a	   TRL	   number	   to	   a	   technology.	   There	   appears	   to	   be	   two	   main	  
reactions	  of	  uncertainty	  to	  this	  task:	  1)	  feeling	  like	  they	  do	  not	  know	  enough	  about	  a	  
technology	   and	   then	   guess	   a	   rough	   TRL	   number	   to	   assign	   as	   best	   as	   they	   can	   (as	  
found	  from	  my	  primary	  research	  when	  interviewing	  printed	  electronics	  experts),	  and	  
2)	   provide	   a	   TRL	   number	   range	   and	   therefore	   covering	   a	   range	   of	   development	  
stages	   e.g.	   TRL	   5-­‐7	   (as	   found	   from	   my	   secondary	   research	   in	   the	   ‘PrintoCent	  
designer’s	  handbook’).	  
	  
Technology	   readiness	   level	   (TRL)	   scales	   can	   vary	   greatly,	   some	   companies	   create	  
their	   own	   to	   better	   suit	   their	   market,	   some	   use	   existing	   scales,	   and	   others	  
‘remember’	  an	  existing	  scale	  and	  use	  it	  from	  their	  memory,	  however	  by	  not	  having	  a	  
copy	  of	  the	  TRL	  scale	  in	  front	  of	  them	  when	  applying	  it,	  it	  therefore	  has	  the	  potential	  
to	  change	  over	  time	  as	  an	  individual	  may	  forget	  the	  distinct	  differences	  between	  the	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levels.	   With	   everyone	   using	   such	   a	   variety	   of	   TRL	   scales,	   this	   leads	   to	  
miscommunication	   and	   misunderstanding	   of	   a	   technology’s	   progress,	   and	   to	   a	  
certain	  extent	  mistrust	  in	  believing	  what	  TRL	  number	  a	  technology	  is	  at.	  
	  
Choosing	   which	   technology	   to	   present	   to	   designers	   (with	   regards	   to	   their	   TRL	  
numbers)	   is	  a	  difficult	   task.	   If	  only	  TRL	  9	   technology	  examples	  are	  presented,	   then	  
this	  only	   shows	  designers	  what	   is	   available	  and	   ready	   right	  now,	   rather	   than	  what	  
could	  be	  possible	  in	  the	  near	  future,	  therefore	  limiting	  their	  designs	  and	  not	  making	  
them	  future	  proof.	  However,	  technology	  at	  TRL	  3	  or	  4	  may	  not	  actually	  make	  it,	  or	  
be	  successful	  enough	  to	  make	  it	  to	  TRL	  9,	  so	  this	  could	  be	  limiting	  and	  potentially	  not	  
a	  viable	  option	  to	  be	  incorporated	  into	  a	  design.	  The	  researcher’s	  answer	  to	  this	  is	  to	  
allow	  designers	  to	  be	  exposed	  to	  all	  stages	  of	  the	  technology	  (TRL	  numbers)	  so	  that	  
they	  know	  about	  the	  technology	  that	  can	  be	  incorporated	  in	  designs	  in	  the	  present,	  
but	  also	  are	  aware	  of	  the	  technology	  in	  research	  and	  development.	  This	  means	  that	  
they	  would	  have	  existing	  knowledge	  about	  the	  technology	  and	  when	  it	   is	  ready	  for	  
mass	  manufacture	  and	  commercialisation	  (at	  TRL	  9)	  they	  can	  incorporate	  it	  straight	  
away	  in	  their	  designs.	  
	  
When	   designing	   with	   printed	   electronics	   technology,	   for	   designers,	   and	   for	  
companies	  talking	  to	  designers,	  emphasis	  needs	  to	  be	  placed	  on	  the	  functions	  that	  
the	   technology	   offers	   to	   designers.	   Designers	   need	   to	   have	   commercial	   realism	   in	  
terms	   of	   what	   makes	   sense	   with	   this	   technology;	   so	   not	   just	   to	   wrap	   a	   high	  
resolution	  display	  around	  a	  can,	  but	   to	  apply	   this	   technology	  within	   the	  context	  of	  
the	   company	   that	   they	   are	   designing	   for,	   and	   also	   to	   be	   intuitive	   for	   users,	  
something	   users	   can	   relate	   to,	   for	   example	   making	   the	   lids	   of	   cans	   into	   printed	  
electronic	  drums.	  Designers	  need	  to	  ask	  themselves:	  why	  does	  the	  client	  need	  this?	  
What	  is	  the	  purpose	  of	  it?	  And	  who	  is	  the	  client	  targeting	  with	  it?	  Following	  this,	  the	  
designer	  needs	  to	  ask	  themselves	  what	  could	  they,	  as	  a	  designer,	  design	  to	  make	  the	  
story	  about	  the	  technology	  really	  compelling	  for	  the	  client’s	  potential	  clients?	  
	  
	  
9.1	  Meeting	  the	  Aim	  and	  Objectives	  
	  
This	  research	  began	  with	  the	  research	  aim:	  ‘to	  explore	  the	  contribution	  of	  printed	  
electronics	  to	  product	  design’	  with	  six	  research	  objectives.	  These	  objectives	  are	  now	  
discussed	  with	  regards	  to	  the	  extent	  to	  which	  they	  have	  been	  met:	  
	  
Research	   objective	   1:	   Identify	   the	   state	   of	   the	   art	   of	   printed	   electronics	  
technology	  
This	   objective	   was	   achieved	   within	   the	   literature	   review	   chapter/section	   and	  
provided	  a	  good	  base	  and	  also	  depth	  of	  knowledge	  about	   the	   technology	  and	  also	  
identified	   three	   projects	   (referred	   to	   as	   ‘case	   studies’	   within	   this	   research	   study)	  
where	   printed	   electronics	   technology	   had	   previously	   been	   presented	   to	   design	  
students.	   The	   literature	   review	   was	   continued	   throughout	   the	   duration	   of	   the	  
research	   study	   in	   order	   to	   keep	   the	   research	   up-­‐to-­‐date,	   but	   also	   by	   doing	   so	   it	  
revealed	   how	   much	   the	   technology	   has	   advanced	   and	   how	   many	   products	   have	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been	   created	   using	   this	   technology	   even	   within	   the	   time	   of	   this	   research.	   This	  
emphasises	  the	  importance	  of	  this	  research,	  as	  there	  is	  a	  growing	  interest	  within	  this	  
field	  and	  particularly	   in	  educating	  designers	  about	  this	  technology	  as	  designers	  can	  
create	  creative	  product	  designs	  that	   inspire	  users	  and	  utilise	  the	  form	  and	  function	  
characteristics	  of	  printed	  electronics.	  
	  
Research	   objective	   2:	   Engage	   in	   first-­‐hand	   experience	   with	   printed	  
electronics	  to	  identify	  potential	  gaps	  and	  insights	  
Gaps	   were	   identified	   and	   insights	   gained	   during	   the	   immersive	   pilot	   study	  
chapter/section	   and	   provided	   the	   researcher	   with	   insights	   into	   the	   technology	  
through	   first-­‐hand	   experience	   with	   it	   that	   could	   not	   be	   achieved	   through	   the	  
literature	   review.	   It	  also	  helped	   the	   researcher	   identify	  gaps	   in	   the	  knowledge	  and	  
informed	   the	   following	   studies	   within	   the	   research.	   The	   immersive	   pilot	   study	  
allowed	  the	  researcher	  to	  evaluate	  their	  experience	  from	  two	  different	  perspectives:	  
as	   a	   researcher,	   and	   as	   a	   product	   designer	   (as	   the	   researcher	   is	   from	   a	   product	  
design	  background).	   It	  was	  also	  an	  opportunity	   to	   learn	  how	  the	  technology	  works	  
and	   how	   its	   performance	   is	   tested,	   and	   to	   experience	   its	   physical	   characteristics	  
being	  lightweight,	  thin,	  and	  flexibility	  first-­‐hand.	  The	  experience	  also	  unveiled	  more	  
than	   just	   about	   the	   technology	   itself,	   but	   also	   how	   individuals	   from	   a	   chemistry	  
background	   talk	   about	   the	   technology,	   and	   that	   the	   language	   they	   use	   is	   very	  
technical	  with	   a	   focus	   on	   the	   performance	   of	   an	   electronic	   component	   or	   device.	  
This	   language	   differs	   greatly	   from	   the	   language	   a	   designer	   may	   use	   and	   this	  
illustrates	   a	   potential	   divide	   in	   communication	   between	   technologists	   (from	   a	  
chemistry	   background)	   and	   designers.	   However,	   during	   the	   immersive	   pilot	   study	  
project,	   the	   two	   research	   assistants	   were	   able	   to	   work	   well	   together	   and	   deliver	  
results	  that	  were	  then	  published,	  despite	  being	  from	  different	  backgrounds	  (design	  
and	  chemistry).	  One	  area	  that	  seemed	  to	  increase	  understanding	  of	  the	  topic	  for	  the	  
design	   researcher	   was	   the	   practical,	   hands-­‐on	   approach,	   particularly	   when	  
examining	  the	  technology,	  creating	  devices,	  and	  testing	  the	  devices.	  	  
	  
Research	  objective	  3:	  Generate	  an	  approach	  to	  assess	  the	  impact	  of	  printed	  
electronics	  on	  product	  design	  
The	   third	   objective	   spans	   across	   several	   chapters/sections	   of	   the	   research.	   In	   the	  
literature	  review,	  methods	  of	  assessing	  impact	  were	  explored,	  the	  strategies	  section	  
presented	   two	   pieces	   of	   information	   created	   for	   this	   research	   following	   the	  
literature	  review	  and	  immersive	  pilot	  study:	  1)	  taxonomy	  of	  printed	  electronics	  and	  
2)	   printed	   electronics	   technology	   readiness	   level	   (TRL)	   scale.	   The	   viability	   of	   these	  
two	   pieces	   of	   information	   were	   then	   confirmed	   by	   printed	   electronics	   experts	  
through	  interviews.	  However	  within	  this	  study	  a	  ‘pilot	  study’	  was	  undertaken,	  asking	  
the	  experts	  to	  TRL	  grade	  four	  printed	  electronics	  examples	  presented	  to	  them	  using	  
the	   printed	   electronics	   readiness	   level	   (TRL)	   scale.	   This	   resulted	   in	   interesting	  
findings	  for	  the	  research,	  unveiling	  a	  lot	  of	  uncertainty	  from	  the	  experts	  when	  doing	  
this	  activity	  as	  they	  felt	  unsure	  what	  TRL	  number	  to	  assign	  to	  what	  example	  as	  they	  
either	   felt	   that	   they	   did	   not	   know	   enough	   about	   each	   example	   (even	   though	   the	  
academic	  papers	  /	  additional	  information	  were	  made	  available	  to	  them	  with	  further	  
information	  –	  which	  the	  majority	  of	  the	  experts	  did	  not	  want	  to	  look	  at),	  or	  they	  felt	  
that	   they	   (themselves)	   were	   not	   up-­‐to-­‐date	   with	   the	   latest	   research	   on	   the	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technology.	  Some	  of	  the	  experts	  did	  not	  even	  use	  the	  TRL	  scale	  created	  specifically	  
for	   printed	   electronics	   technology,	   they	   claimed	   to	   already	   know	   about	   the	   TRL	  
scale,	   and	   so	   were	   using	   a	   scale	   (their	   own)	   from	   their	   own	   experience.	   Another	  
reaction	  of	  interest	  was	  one	  of	  the	  experts	  went	  off	  topic	  and	  tried	  to	  TRL	  grade	  an	  
entire	   section	   of	   printed	   electronics,	   such	   as	   ‘resistors’,	   which	   was	   not	   the	   task	  
required.	  	  
	  
At	   this	   stage	  during	   this	   research,	   the	  PrintoCent	  community	   (that	  consists	  of	  over	  
300	   experts,	   comprising	   of	   over	   40	   companies,	   start-­‐ups/business	   cases	   in	  
training/accelerator	   phase,	   universities	   and	   research	   institutes)	   released	   their	  
‘designer’s	   handbook’	   document	   on	   ‘printed	   electronics	   and	   diagnostic	   products’	  
where	   they	  TRL	  graded	  a	  variety	  of	  printed	  electronic	  components.	  This	  document	  
helped	   to	   inform	   my	   research	   and	   this,	   together	   with	   my	   primary	   research,	  
confirmed	   a	   huge	   amount	   of	   uncertainty	   around	   the	   task	   of	   TRL	   grading	   printed	  
electronics	  technology,	  and	  also	  there	  was	  no	  single	  confirmed	  TRL	  scale	  used	  to	  do	  
this	  TRL	  grading	  task	  (as	  the	  writing	  style	  throughout	  the	  PrintoCent	  document	  was	  
different	   for	   each	   section)	   meaning	   that	   everybody	   could	   be	   using	   an	   entirely	  
different	  TRL	  scale,	  therefore	  leading	  to	  a	  large	  amount	  of	  miscommunication	  on	  the	  
topic	   of	   what	   TRL	   number	   different	   areas	   of	   the	   technology	   has	   achieved	   which	  
could	  lead	  to	  	  misunderstanding.	  
	  
In	  order	  to	  overcome	  this	  uncertainty	  and	  potential	  bias,	  the	  researcher	  undertook	  
the	   task	   of	   TRL	   grading	   the	   entire	   ‘taxonomy	   of	   printed	   electronics’	   using	   the	  
‘printed	   electronics	   technology	   readiness	   level	   (PE	   TRL)	   scale’	   created	   within	   this	  
research,	  as	   it	   (the	  PE	  TRL	   scale)	  was	  created	  using	  a	   combination	  of	  TRL	   systems,	  
from	  which	   the	  most	   appropriate	  descriptions	  were	   specifically	   selected	   to	  ensure	  
that	  the	  correct	   language	  was	  applied,	  as	  the	  wording	  is	  critical	  when	  selecting	  the	  
description	   for	   the	   levels	   for	   this	  printed	  electronics	   topic	   as	   it	   needs	   to	  be	   in	   the	  
right	   context	   and	   in	   order	   to	   determine	   which	   TRL	   is	   related	   to	   which	   stage	   of	  
printed	  electronics,	  and	  how	  close	  the	  technology/product	   is	   to	  commercialisation.	  
Selecting	   the	  most	   appropriate	   descriptions	   were	   essential	   in	   creating	   the	   PE	   TRL	  
scale,	  as,	  for	  example,	  NASA’s	  TRL	  9	  definition	  would	  not	  be	  appropriate	  as	  it	  refers	  
to	  this	   level	  as	  being	  “flight	  proven”	  (NASA,	  2012);	   in	  this	  case,	  this	  wording	  is	  only	  
appropriate	   to	  be	  used	  within	   this	  aerospace	  TRL	  scale,	  as	   it	   is	   too	  specific	   to	   that	  
field.	  Also	  in	  cases	  where	  the	  definition	  is	  the	  same,	  such	  as	  when	  comparing	  TRL	  1	  
for	  both	  CPI	  and	  TSB,	  both	  defined	  as	  ‘Basic	  idea’,	  the	  information	  is	  used	  from	  the	  
source	   that	   is	   least	   biased	   to	   their	   industry/topic,	   and	   also	   which	   is	   most	  
respected/recognised	   to	   validate	   the	   decision,	   so	   in	   this	   particular	   case,	   TSB	   was	  
used.	  The	  wording	  on	  TRL	  scales	  can	  be	  biased	  depending	  on	  who	  created	  the	  TRL	  
scale,	  as	  often	  people	  create	  their	  own	  TRL	  scale	  that	  is	  specifically	  focussed	  around	  
their	  company	  or	  institution,	  for	  example	  TSB’s	  TRL	  scale	  definitions	  are	  non	  biased	  
to	  a	   specific	  area,	  as	  opposed	   to	  NASA’s	  definitions	  being	  biased	   to	   the	  aerospace	  
industry.	  The	  PE	  TRL	  scale	  created	  in	  this	  research	  also	  contains	  icons	  along	  with	  the	  
specifically	  selected	  wording	  to	  assist	  the	  viewer	   in	  understanding	  each	  technology	  
readiness	   level.	   This	   task	  of	  TRL	  grading	   the	   taxonomy	  of	  printed	  electronics	  using	  
the	  PE	  TRL	   scale	  overcomes	   the	  uncertainty	  and	  potential	  bias	  around	   this	  area	  of	  
TRL	   grading	   the	   different	   areas	   of	   printed	   electronics	   as	   it	   was	   undertook	   by	   the	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researcher,	   who	   is	   from	   a	   non-­‐biased,	   neutral	   perspective	   by	   purely	  
judging/assessing	  the	  technology	  examples	  against	  the	  printed	  electronics	  TRL	  scale,	  
focusing	  on	  areas	  such	  as	  the	  printing	  process	  used	  (if	  any	  –	  could	  have	  been	  created	  
by	   hand	   or	   actually	   via	   an	   industrial	   printing	   press),	   it’s	   reproducibility,	   if	  
costing/economics	   has	   been	   considered,	   if	   a	   demonstrator	   has	   been	   produced,	  
volume	   produced	   in	   publication,	   etc.	   The	   TRL	   graded	   taxonomy	   of	   printed	  
electronics	   was	   incomplete	   due	   to	   the	   scale	   of	   this	   task,	   however,	   there	   is	   one	  
section	   that	   the	   researcher	   has	   completed:	   ‘interconnect’.	   This	   means	   that	   this	  
‘interconnect’	   section	   can	   be	   used	   to	   educate	   student	   designers	   about	   printed	  
electronics	   technology,	   and	   provides	   a	   good	   start	   in	   designers	   learning	   about	   this	  
technology.	  Due	  to	   the	  dynamic	  nature	  of	  printed	  electronics	   technology,	  over	   the	  
years	   and	   its	   progress,	   its	   taxonomy	   may	   change,	   and	   therefore	   so	   will	   the	   TRL	  
numbers	   assigned.	   As	   this	   will	   be	   the	   case,	   this	   Technology	   Readiness	   Level	   (TRL)	  
graded	  taxonomy	  of	  printed	  electronics	  potentially	  could	  be	  open	  to	  input	  from	  all,	  
to	   keep	   the	   content	   up-­‐to-­‐date.	   This	   TRL	   graded	   taxonomy	   of	   printed	   electronics	  
could	  be	  an	  open	  access	  document	  to	  make	  the	  changes,	  creating	  a	  digital	  database	  
of	  this	  information,	  but	  a	  gatekeeper	  would	  be	  required	  to	  check	  the	  background	  of	  
individuals	  who	  want	   to	  make	   changes	  or	  update	   this	   graded	   taxonomy	   to	  ensure	  
that	  these	  updates	  are	  coming	  from	  a	  reputable	  source	  and	  to	  monitor	  input.	  
	  
	  
Research	   objective	   4:	   Identify	   appropriate	   interventions	   to	   transfer	  
knowledge	  of	  printed	  electronics	  to	  designers	  
The	   fourth	  objective	   spans	  across	   several	   chapters/sections	  of	   the	   research.	   In	   the	  
literature	  review,	  through	  exploring	  a	  selection	  of	  theoretical	  approaches	  relevant	  to	  
industrial	  design	   (including	  areas	  such	  as	  educational	   theory	  and	  design	  education,	  
the	  value	  of	  knowledge	  transfer	  for	  design	  education,	  and	  utilising	  new	  technology	  
in	   design	   education),	   and	   studying	   three	   projects	   (as	   case	   studies	   within	   this	  
research)	   where	   printed	   electronics	   had	   previously	   been	   presented	   to	   designers.	  
These	   three	   case	   studies	   were	   then	   further	   explored	   by	   gathering	   primary	   data	  
through	   conducting	   semi-­‐structured	   interviews	   with	   individuals	   involved	   in	   the	  
projects	   (case	   studies	   within	   this	   research	   study),	   from	   the	   perspectives	   of	   the	  
‘educators’	  and	  ‘industry’	  experts.	  
	  	  
The	  findings	  from	  the	  interviews	  with	  the	  education	  experts	  revealed	  the	  questions	  
that	   designers	   asked	   about	   the	   technology	   and	  what	   information	   they	   wanted	   to	  
know,	   successful	   methods	   of	   communication	   to	   heighten	   students’	   engagement	  
when	  learning	  about	  printed	  electronics,	  and	  the	  experts’	  perspectives	  on	  what	  the	  
designers	   need	   to	   understand	   or	   know	   when	   designing	   with	   the	   technology	   (the	  
technology	   itself	   –	  what	   the	   components	   do	   and	  products	   /	   application	   examples;	  
the	   benefits	   of	   the	   technology;	   and	   what	   it	   can	   do	   for	   an	   end	   user).	   One	   of	   the	  
experts	  also	  suggested	  that	  designers	  need	  to	  ask	  them	  selves	  key	  questions	  when	  
evaluating	  a	  brief	  and	  what	  a	  client	   is	  wanting	   from	  a	  project,	  which	   is	  particularly	  
useful	  in	  the	  context	  of	  designing	  with	  a	  new	  technology	  in	  a	  broad	  brief	  where	  the	  
client	  does	  not	  always	  know	  exactly	  what	  they	  want,	  suggesting	  that	  designers	  need	  
to	  ask	  themselves:	  why	  does	  the	  client	  need	  this?	  What	  is	  the	  purpose	  of	  it?	  Who	  is	  
the	  client	  targeting	  with	  it?	  And	  then	  finally	  to	  ask	  themselves:	  what	  could	  you	  (as	  a	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designer)	  design	   to	  make	   the	   story	  about	   the	   technology	   really	   compelling	   for	   the	  
client’s	  potential	  clients?	  
	  
From	  the	  interview	  with	  the	  industry	  expert,	  in	  their	  perspective:	  the	  students	  need	  
to	  have	  commercial	  realism	  in	  terms	  of	  what	  makes	  sense	  with	  this	  technology	  and	  
design	  something	  that	  users	  can	  relate	  to	  and	  that	   is	   intuitive.	  The	   industry	  expert	  
also	  said:	   for	  designers,	  and	  for	  companies	  talking	  to	  designers,	  emphasis	  needs	  to	  
be	  on	  what	  the	  technology	  can	  do,	  rather	  than	  focussing	  on	  the	  technical	  details	  of	  
the	  technology	   itself.	  Areas	  that	  design	  students	  benefited	   from	  and	  enjoyed	  were	  
highlighted,	  such	  as	  the	  ability	  to	  present	  and	  discuss	  their	  projects	  at	  an	  exhibition	  
environment	  and	  gain	  feedback	  from	  people	  who	  were	  not	  involved	  in	  the	  projects,	  
also	  the	  designers	  working	  in	  teams	  throughout	  the	  projects	  to	  help	  each	  other	  learn	  
about	   the	   new	   technology.	   The	   industry	   expert	   also	  mentioned	   two	  main	   barriers	  
encountered	  in	  the	  communication	  of	  the	  technology	  to	  designers:	  1)	   issue	  around	  
understanding	  the	  technology	  itself,	  and	  2)	  some	  of	  the	  technology	  is	  not	  ready	  yet,	  
so	   there	   is	   a	   timeline	   issue.	   From	  an	   industry	  perspective,	   the	  designers	  would	  be	  
expected	   to	  have	  a	  degree	  of	  design	   competence,	   to	  have	   some	  understanding	  of	  
the	  processes	  to	  go	  through	  to	  generate	  designs.	  	  
	  
	  
Research	  objective	  5:	  Determine	  how	  industrial	  designers	  can	  contribute	  to	  
an	  increased	  impact	  through	  designing	  products	  
Objective	  five	  was	  achieved	  in	  the	  discussions,	  and	  conclusions	  chapters/sections	  of	  
the	  research.	  In	  the	  discussion	  section	  the	  outcomes	  from	  the	  educator	  and	  industry	  
interviews	  were	  compared	  and	  themes	  found	  from	  the	  data,	  that	  resulted	   in	  three	  
main	   themes:	   technical	   constraints,	   designers’	   perspective,	   and	  what	   a	   designer	   is	  
required	  to	  do.	  	  
	  
In	   the	   education	   interviews	   the	   technical	   constraints	   were	   discussed	   as	   designers	  
were	  overwhelmed	  by	  the	  technical	  details,	  however,	  the	  experts	  suggested	  that	  the	  
technical	  constraints	  of	  the	  technology	  is	  presented	  to	  designers	  for	  the	  constraints	  
at	  the	  moment,	  but	  how	  it	  may	  develop	  in	  two	  or	  three	  years’	  time,	  which	  was	  also	  
an	  aspect	  that	  the	  design	  students	  expressed	  an	  interest	  in	  to	  be	  able	  to	  see	  a	  short	  
term	   forecast	   of	   the	   technology.	   In	   the	   industry	   expert	   interview,	   the	   expert	  
identified	   technical	   constraints	   in	   the	   issues	   around	   understanding	   the	   technology	  
itself,	  but	  also	  the	  fact	  that	  some	  of	  the	  technology	  is	  not	  ready	  yet,	  and	  that	  there	  is	  
a	  timeline	  issue.	  
	  
The	   designers’	   perspective	   was	   a	   topic	   that	   both	   the	   educational	   and	   industry	  
experts	  spoke	  about,	  the	  educational	  experts	  identified	  the	  areas	  of	  the	  technology	  
that	   the	   designers	   would	   ask	   about,	   such	   as	   the	   short	   term	   forecast,	   the	  
technology’s	  constraints,	  the	  size	  or	  dimensions	  that	  the	  technology	  could	  achieve,	  
and	   if	   the	   technology	  would	   flex	   and	   if	   it	   could	   be	   incorporated	   into	   designs	  with	  
other	   flexible	  materials.	   The	   industry	   expert	   noticed	   that	   the	  designers	   responded	  
positively	   to	   the	   experience	   of	   presenting	   their	   work	   at	   an	   exhibition	   and	   gaining	  
feedback	   from	  a	  wider	  audience,	  and	   that	   it	   allowed	   the	   students	   to	  explore	   their	  
concepts	  by	  discussing	  their	  work	  with	  others.	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There	  are	  different	  perspectives	  on	  what	  a	  designer	  is	  required	  to	  do.	  The	  education	  
experts	  suggested	  that	  designers	  should	  ask	  themselves	  a	  series	  of	  questions	  when	  
presented	  with	  a	  broad	  design	  brief	  from	  a	  company,	  that	  focuses	  on	  why	  the	  client	  
needs	   the	  design,	  what	   the	  purpose	  of	   it	   is,	  who	  the	  client	   is	   targeting,	  and	   finally	  
how	  the	  designer	  themselves	  can	  create	  a	  compelling	  story	  about	  the	  technology	  for	  
the	  client’s	  potential	   clients.	  The	   industry	  expert	   suggested	   that	  designers	  need	   to	  
have	   commercial	   realism	   when	   it	   comes	   to	   designing	   with	   the	   technology,	   are	  
expected	  to	  have	  a	  degree	  of	  design	  competence	  and	  have	  an	  understanding	  of	  the	  
process	  to	  go	  through	  to	  generate	  designs.	  The	  industry	  expert	  also	  suggests	  that	  for	  
designers,	  and	  for	  companies	  talking	  to	  designers,	  emphasis	  needs	  to	  be	  on	  what	  the	  
technology	  can	  do,	  rather	  than	  focussing	  on	  the	  technology	  itself	  (technical	  details).	  
	  
In	  the	  conclusion	  section,	  methods	  are	  suggested	  for	  industrial	  designers	  in	  order	  to	  
help	   them	   contribute	   to	   an	   increased	   impact	   through	   designing	   products.	   When	  
designing	  with	  printed	  electronics	  technology,	  focus	  needs	  to	  be	  on	  the	  technology’s	  
capabilities	  with	   regards	   to	   the	   functions	   it	   offers	   to	   designers.	   Designers	   need	   to	  
have	   commercial	   realism	   in	   terms	   of	   what	  makes	   sense	   with	   this	   technology;	   for	  
example,	  not	   just	   to	  wrap	  a	  high	  resolution	  display	  around	  a	  can,	  but	  to	  apply	  this	  
technology	  within	  the	  context	  of	  the	  company	  that	  they	  are	  designing	  for,	  and	  also	  
to	  be	  intuitive	  for	  users,	  something	  users	  can	  relate	  to,	  for	  example	  making	  the	  lids	  
of	  cans	   into	  printed	  electronic	  drums.	  Designers	  need	  to	  ask	  themselves:	  why	  does	  
the	  client	  need	  this?	  What	  is	  the	  purpose	  of	  it?	  And	  who	  is	  the	  client	  targeting	  with	  
it?	   Following	   this,	   the	   designer	   needs	   to	   ask	   themselves	   what	   could	   they,	   as	   a	  
designer,	   design	   to	  make	   the	   story	   about	   the	   technology	   really	   compelling	   for	   the	  
client’s	  potential	  clients?	  
	  
	  
Research	   objective	   6:	   Provide	   guidelines	   (that	   are	   extracted	   from	   the	  
research	   findings)	   for	   the	   future	   development	   of	   strategies/tools	   to	  
increase	  the	  impact	  of	  printed	  electronics	  on	  product	  design	  
The	  final	  objective	  was	  achieved	  in	  the	  educating	  designers	  about	  printed	  electronics	  
chapter/section	   of	   the	   research,	   which	   addressed:	   printed	   electronics	   content	   for	  
educating	   student	   designers,	   and	   how	   to	   educate	   designers	   about	   printed	  
electronics.	  	  
	  
This	   printed	   electronics	   content	   for	   educating	   student	   designers	   includes	  
information	   on	   topics	   such	   as:	   typical	   technology	   and	   application	   parameters	   and	  
requirements,	   effects	   of	   bending	   a	   flexible	   circuit,	   possibilities	   with	   OLED-­‐based	  
displays	  as	   they	  can	  be	  produced	   in	  almost	  any	  shape	  desired,	  support	  needed	  for	  
creating	   lighting	   in	  arbitrary	  shapes,	   substrate	  materials,	  and	  a	  short	   term	  forecast	  
from	  the	  PrintoCent	  printed	  electronic	  designer’s	  handbook,	  and	  key	  application	  and	  
key	   technology	   parameters	   from	   the	   OE-­‐A’s	   roadmap	   of	   organic	   and	   printed	  
electronics.	   Along	   with	   graphical	   representations	   of	   the	   taxonomy	   of	   printed	  
electronics	   and	   descriptions	   of	   the	   components’	   functionality,	   printing	   processes,	  
and	  the	  status	  of	  the	  technology	  created	  within	  this	  doctoral	  research.	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The	  chapter	  on	  how	   to	  educate	  designers	  about	  printed	  electronics	  addresses	   this	  
topic	   and	   how	   to	   test	   the	   approaches	   through	   ideation	   (from	   designers).	   The	  
approach	   is	   on	   how	   the	   student	   designers’	   outputs	   (designs/concepts)	   could	   be	  
analysed,	  rather	  than	  the	  specific	  information	  to	  be	  presented	  to	  them.	  It	  consists	  of	  
two	   levels	   of	  workshops,	   and	   the	   content	   presented	   being	   described	   as	  minimum	  
information	  and	  maximum	  information.	  Presenting	  student	  designers	  with	  a	  design	  
challenge	  with	   this	   technology	   through	  workshops	   can	   offer	   insights	   the	  way	   that	  
designers	   think	   and	   design	   with	   the	   technology	   through	   patterns	   and	   trends	   that	  
may	  occur	  when	  they	  generate	  designs	  and	  ideas	  and	  it	  can	  reveal	  common	  thought	  
patterns	  and	  tendencies	  to	  create	  similar	  designs	  with	  the	  technology	  presented	  to	  
them.	   This	   is	   important	   to	   understanding	   how	   designers	   design	   with	   printed	  
electronics	   technology,	   as	   not	   only	   the	   ideas	   themselves	   are	   valued,	   but	   also	  how	  
the	   technology	   may	   trigger	   first	   reactions	   and	   in	   turn	   designs.	   Data	   collection	  
techniques:	  coding	  scheme	  for	  behavioural	  analysis	  of	  analogical	  reasoning	  in	  design	  
and	   design	   heuristics	   to	   analyse	   how	   deeply	   the	   designers	   have	   thought	   about	   or	  
experimented	   with	   their	   design	   concepts	   in	   the	   workshop/focus	   group	   of	   the	  
research	   and	   how	   it	   may	   highlight	   how	   well	   the	   designers	   have	   understood	   the	  
printed	   electronics	   information	   presented	   to	   them.	   Workshops	   can	   be	   used	   to	  
test/determine	  designers’	  output	  in	  the	  form	  of	  concept	  generation,	  observing	  what	  
they	  design	  when	  presented	  with	  a	  new	  technology.	   Insights	  can	  be	  gained	  from	  a	  
research	  perspective,	  such	  as	  determining	  what	  information	  designers	  need	  to	  know	  
when	  engaging	  or	  learning	  a	  new	  technology,	  in	  this	  case	  printed	  electronics,	  to	  be	  
able	  to	  produce	  designs	  of	  a	  higher	  technology	  readiness	   level.	  Third-­‐year	  students	  
are	   ideal	  as	  participants	  as	   they	  are	  able	  to	  elaborate	  well	  when	  thinking	  about	  all	  
areas	  of	  a	  design.	  Questionnaires	  at	  the	  start	  and	  end	  of	  workshops	  are	  also	  useful	  
as	   they	   can	   help	   in	   the	   evaluation	   of	   how	   much	   information	   the	   designers	   have	  
learnt	  about	  the	  technology.	  
	  
	  
9.2	  Contribution	  to	  knowledge	  
	  
The	   literature	   review	   throughout	   the	   time	   of	   this	   research	   highlighted	   the	  
progression	  of	   printed	   electronics	   technology.	  As	   the	   technology	  has	   developed,	   a	  
growing	   interest	   in	   learning	   about	   this	   technology	   has	   shortly	   followed	   as	   evident	  
through	   the	   attempts	   of	   educating	   children,	   and	   both	   undergraduate	   and	  
postgraduate	   student	   designers	   about	   the	   technology.	   The	   number	   of	   products	  
designed	  that	  incorporate	  this	  technology	  has	  also	  rapidly	  increased	  during	  the	  time	  
of	  this	  research.	  	  
	  
Following	  the	  literature	  review	  and	  immersive	  pilot	  study,	  a	  two-­‐part	  approach	  was	  
created	   to	   assess	   the	   impact	   of	   printed	   electronics	   on	   product	   design	   within	   the	  
strategies	  section	  of	  this	  research,	  creating	  two	  pieces	  of	  information:	  1)	  taxonomy	  
of	   printed	   electronics	   and	   2)	   printed	   electronics	   technology	   readiness	   level	   (TRL)	  
scale.	   The	   viability	   of	   these	   two	   pieces	   of	   information	   were	   then	   confirmed	   by	  
printed	   electronics	   experts	   through	   interviews.	   However	   within	   this	   study	   a	   ‘pilot	  
study’	   was	   undertaken,	   asking	   the	   experts	   to	   TRL	   grade	   four	   printed	   electronics	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examples	  presented	  to	  them	  using	  the	  printed	  electronics	  readiness	  level	  (TRL)	  scale.	  
This	   resulted	   in	   interesting	   findings	   for	   the	   research,	   unveiling	   a	   lot	  of	   uncertainty	  
from	   the	  experts	  when	  doing	   this	   activity	  as	   they	   felt	  unsure	  what	  TRL	  number	   to	  
assign	  to	  what	  example.	  	  
	  
Within	  the	  time	  of	  this	  research,	  community	  attempts	   (involving	  both	   industry	  and	  
academia	  –	  PrintoCent	  community)	  to	  provide	  an	  assessment	  across	  all	  areas	  of	  the	  
technology	   through	   assigning	   the	   appropriate	   technology	   readiness	   level	   (TRL)	  
number	   to	   each	   element	   of	   the	   technology	   has	   been	   produced	   (PrintoCent	  
designer’s	  handbook).	  This	  has	  demonstrated	  the	  significance	  of	  the	  need	  to	  create	  
and	  provide	  a	  handbook	  of	  information	  on	  this	  technology	  that	  is	  specifically	  aimed	  
at	   industrial	   designers	   in	   order	   to	   increase	   awareness	   of	   this	   technology	   and	  
therefore	  to	  encourage	  its	  inclusion	  within	  the	  design	  of	  products.	  However,	  in	  both	  
this	   technology	  community	  contribution	  and	   the	  primary	  data	  gathered	  within	   this	  
research,	  it	  is	  evident	  that	  the	  task	  of	  assigning	  a	  TRL	  number	  to	  different	  elements	  
of	   the	   technology	   is	   difficult	   and	   often	   results	   in	   uncertainty,	   such	   as	   a	   range	   of	  
numbers	  being	  assigned	  (e.g.	  TRL	  5-­‐8).	  	  
	  
Contributions	  have	  also	  been	  made	  through	  investigations	  of	  the	  only	  three	  existing	  
projects	  (case	  studies	  in	  this	  research)	  to	  date	  of	  this	  technology	  being	  presented	  to	  
designers,	   these	   interviews	   with	   individuals	   involved	   from	   both	   education	   and	  
industry	   offered	   different	   perspectives	   of	   the	   projects	   (case	   studies).	   These	  
investigations	   proved	   to	   be	   valuable	   in	   gaining	   a	   better	   understanding	   and	   also	  
insights	   into	   the	   projects,	   unveiling:	   the	   student	   designers’	   reactions	   to	   the	  
technology,	   how	   they	   approached	   design	   with	   this	   technology,	   what	   areas	   or	  
characteristics	  of	  the	  technology	  they	  were	  interested	  in,	  and	  what	  was	  and	  was	  not	  
successful	   in	  the	  projects	   in	  relation	  to	  communication	  methods	  of	  this	  technology	  
to	   designers.	   The	   findings	   were	   interpreted	   using	   thematic	   analysis	   and,	   after	  
comparing	  the	  data,	  three	  main	  themes	   identified:	  technical	  constraints,	  designer’s	  
perspective,	   and	  what	   a	   designer	   is	   required	   to	   do.	   These	   findings	   along	  with	   the	  
literature	   on	   educating	   designers,	   existing	   product	   examples	   that	   incorporate	   this	  
technology,	  and	  the	  development	  of	  the	  technology	  using	  a	  roadmap	  to	  show	  what	  
parts	  of	  the	  technology	  are	  commercially	  viable	  now	  and	  those	  that	  will	  be	  available	  
in	   the	   future	   provides	   a	   basis	   from	   which	   to	   communicate	   this	   technology	   to	  
designers.	  	  
	  
The	  findings	   from	  the	  research	  activities	  were	  combined	  to	  create	  an	  approach	  for	  
knowledge	   transfer	   aimed	   specifically	   at	  meeting	   the	   needs	   of	   product	   designers.	  
This	   resulted	   in	   the	  need	  for	  PE	  technology	  to	  be	  translated	   into	  both	  a	  visual	  and	  
written	   format	   to	   create	   structure	   and	   direct	   links	   between	   the	   technological	  
elements	   and	   their	   form	   and	   function	   in	   order	   to	   facilitate	   understanding	   by	  
designers.	   Conclusions	   from	   the	   research	   indicate	   that	   the	   translation	   of	   this	  
technology	  into	  an	  appropriate	  design	  language	  will	  equip	  designers	  with	  accessible	  
fundamental	   knowledge	   on	   PE	   technology	   (i.e.	   electrical	   components:	   form,	  
function,	   and	   area	   of	   the	   technology),	   which	   will	   allow	   informed	   decisions	   to	   be	  
made	  about	  how	  PE	  can	  be	  used	  and	  to	  utilise	  its	  benefits	  in	  the	  design	  of	  products.	  
The	  capabilities	  and	  properties	  of	  this	  technology,	  when	  paired	  with	  product	  design	  
	   347	  
practice,	   has	   the	   capacity	   to	   transform	   the	   designs	   of	   future	   products	   in	   terms	   of	  
form/functionality	  and	  prevailing/views	  towards	  design	  approaches	  with	  electronics.	  
If	  exposed	  to	  a	  variety	  of	  PE	  elements	  ranging	  across	  different	  TRLs,	  designers	  have	  
the	   capacity	   to	   bridge	   the	   TRL	   separation	   issue	   (the	   gap	   between	   academia	   and	  
industry)	  through	  their	  ability	  to	  create	  design	  solutions	  for	  an	  end	  user	  and	  provide	  
a	  commercial	  application	  for	  the	  technology.	  	  
	  
	  
9.3	  Impact	  
	  
Reflecting	  on	   this	   research,	   it	   is	   evident	   that	   efforts	   to	   increase	   the	   impact	  of	   this	  
printed	  electronics	   technology	  have	  already	  begun	   through	   industry	   and	  academia	  
collaborating	   to	  educate	   student	  designers	  on	   this	   technology	   in	  higher	  education,	  
and	  also	  at	  a	   lower	  academic	   level	   to	  educate	  children.	  During	   this	   research	   study	  
the	  researcher	   further	   investigated	  the	  cases	  where	   the	   technology	  was	  presented	  
to	  student	  designers	  in	  higher	  education	  (degree	  and	  postgraduate	  level),	  gathering	  
the	   perspectives	   of	   the	   experts	   involved	   from	   both	   education	   and	   industry.	   The	  
development	  of	   a	  wide	  variety	  of	  new	  printed	  electronics	  products	  being	   released	  
throughout	   the	   duration	   of	   this	   research	   study	   indicates	   further	   impact	   of	   this	  
technology	   through	   the	  evident	  dissemination	  of	  knowledge	  about	   this	   technology	  
to	   designers.	   Moving	   forward,	   we	   can	   learn	   from	   these	   product	   examples	   by	  
presenting	   them	   to	  designers	   in	  which	   they	   can	   then	  build	  on	   these	   ideas	  or	   they	  
may	  inspire	  designers	  to	  create	  products	  in	  a	  whole	  new	  design	  direction,	  therefore	  
expanding	   their	   knowledge	   on	   the	   technology	   and	   representing	   this	   through	   the	  
generation	  of	  new	   ideas	  and	  designs	  This	   contributes	   further	   to	   the	   impact	  of	   this	  
technology,	   by	   increasing	   awareness	   of	   the	   technology,	  which	   leads	   to	   generating	  
new	   products	   which	   may	   then	   apply	   the	   technology	   in	   new	   areas,	   and	   therefore	  
inspiring	   other	   designers	   to	   design	   more	   products	   therefore	   continuing	   this	   cycle	  
and	  increasing	  impact	  through	  the	  development	  and	  application	  of	  this	  technology.	  
Guidelines	   were	   provided	   (that	   are	   extracted	   from	   the	   research	   findings)	   for	   the	  
future	  development	  of	  strategies/tools	  to	  increase	  impact	  of	  printed	  electronics	  on	  
product	  design	  were	  created	  at	  the	  end	  of	  this	  research	  in	  the	  ‘educating	  designers	  
about	  printed	  electronics’	  section,	  through:	  printed	  electronics	  content	  for	  educating	  
student	   designers,	   and	   also	   how	   to	   educate	   student	   designers	   about	   printed	  
electronics.	  
	  
Beyond	   this	   research,	   considerations	   for	   the	   future	   impact	   of	   this	   technology	   are	  
that:	  collaborations	  need	  to	  continue	  between	  industry,	  academia,	  and	  designers	  in	  
order	  to	  build	  an	  understanding	  of	  the	  technology	  and	  to	  develop	  a	  mutual	  language	  
when	   discussing	   this	   technology.	   This	   would	   help	   everyone	   involved	   in	   the	  
progression	  of	  their	  communication	  skills	  (mutual	  language),	  leading	  to	  an	  increased	  
understanding,	   and	   finally	   further	   development	   of	   the	   technology,	   therefore	  
increasing	  the	   impact	  of	  the	  technology.	  As	  well	  as	  collaborations,	   individuals	   from	  
education/academia,	   industry,	   and	   designers	  would	   need	   to	   consider	   how	   they	   as	  
individuals	  could	  contribute	  to	  increase	  the	  impact	  of	  printed	  electronics	  technology	  
on	  product	  design,	  as	  efforts	  need	  to	  continue	  and	  develop	  throughout	  times	  where	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collaboration	   is	   not	   possible.	   A	   final,	   and	   major	   factor	   of	   the	   impact	   of	   this	  
technology	  on	  product	  design	   is	   to	   focus	  on	  how	  this	   technology	  can	  benefit	  users	  
through	  products:	  Can	  it	  improve	  designs	  of	  products	  for	  users?	  Can	  it	  help	  to	  solve	  
problems?	  Will	  it	  result	  in	  design	  solutions?	  It	  is	  possible	  to	  assess	  the	  demands	  for	  
such	  products	  or	  solutions	  through	  user	  research	  and	  market	  research,	  and	  also	  fund	  
raising	   activities	   such	   as	   ‘Kickstarter	   campaigns’.	   So,	   whilst	   individuals	   from	  
academia,	  industry,	  and	  design	  may	  be	  able	  to	  increase	  the	  impact	  of	  the	  technology	  
on	  product	  design	  through	  communication,	  collaboration,	  and	  design,	  the	  success	  of	  
the	   products	  may	  ultimately	   be	   decided	  by	   the	   users,	   as	   they	  may	  or	  may	  not	   be	  
interested	  in	  the	  products	  that	  contain	  printed	  electronics	  which	  could	  have	  a	  direct	  
affect	  on	  its	  present	  and	  future	  impact.	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Appendices	  
	  
	  
Appendix	   1:	   In-­‐depth	   examination	   of	  
printed	  electronics	  product	  examples	  	  
	  
Appendix	  1.1:	  Materials	  
	  
Looking	   at	   producing	   organic	   electronics	   using	   new,	   large	   scale	   processes	   (printed	  
electronics),	   semi-­‐conducting	   and	   electronically	   conductive	   materials	   various	  
applications	   look	   promising	   such	   as	   low	   cost	   RFID	   (radio-­‐frequency	   identification),	  
intelligent	  packaging,	  flexible	  solar	  cells,	  transponders,	  disposal	  diagnostic	  games	  or	  
devices,	   rollable	   displays	   and	   printed	   batteries	   along	  with	  many	  more	   (Cantatore,	  
2013,	  p.2).	  
	  
Organic	   materials	   are	   used	   in	   printed	   electronics	   for	   both	   conductors	   and	  
semiconductors.	   For	   conductors,	  materials	   such	   as	   PEDOT:PSS,	   (PEDOT,	   Baytron	   P	  
from	   Bayer	   AG,	   doped	  with	   polystyrene	   sulfonic	   acid	   PSS)	  which	   is	   a	  water-­‐based	  
conducting	  polymer,	  polyethylenedioxythiophene,	  (Gamota,	  2004,	  p.25)	  are	  used	  for	  
electrodes,	   and	   they	   can	   be	   highly	   transparent.	   Progresses	   of	   PEDOT:PSS	  
conductivity	  means	  it	  is	  becoming	  a	  realistic	  replacement	  for	  Indium	  tin	  Oxide	  (ITO)	  
in	  some	  applications	  (Cantatore,	  2013,	  pp.13-­‐16).	  
	  
Organic	   semiconductors	   materials,	   such	   as	   poly-­‐3-­‐hexyl-­‐thiophene	   (P3HT)	   and	  
molecular	   semiconductor	   pentacene	   are	   used;	   these	   are	   both	   p-­‐type	   materials.	  
Inorganic	  materials	  are	  used	  purely	  for	  conductors	  such	  as	  silver	  and	  other	  metals,	  as	  
ultra-­‐thin	   films	   or	   filled	   pastes,	   and	   are	   useful	   if	   a	   higher	   conductivity	   is	   needed	  
(Cantatore,	  2013,	  pp.13-­‐16).	  
	  
	  
Appendix	   1.2:	   Populating	   printed	   electronics	  with	  
conventional	  electronic	  components	  
	  
Populating	   a	   printed	   electrical	   interconnect	   circuit	   with	   conventional,	   silicon	  
components	   can	   help	   the	   current	   printed	   electronics	   keep	   up	   to	   date	   and	  
competitive	   against	   other	   products	   until	   the	   technology	   for	   printed	   components	  
catches	  up.	  It	  usually	  consists	  of	  conventional	  electronic	  components	  being	  attached	  
(using	  conductive	  glue	  or	  paste	  –	  like	  solder)	  onto	  a	  printed	  electronics	  circuit	  board,	  
and	  can	  often	  offer	  the	  functionality	  needed	  for	  a	  product.	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In	   the	   UK’s	   National	   Physical	   Laboratory	   (NPL)	   researchers	   in	   the	   ‘ReUSE	   project’	  
(Treacy,	   2012)	   have	  developed	   a	   circuit	   board	   that	   can	  be	  disassembled	  using	  hot	  
water.	  The	  circuit	   is	  created	  from	  a	  combination	  of	  a	  printed	  electronic	  circuit	  (2D)	  
and	  more	  conventional	  electrical	   components	   (3D).	  When	  submerged	   in	  hot	  water	  
(Figure	  160),	  after	  a	   few	  minutes	   the	  circuit	  can	  be	  removed,	  and	  the	  components	  
can	  be	  gently	  removed	  off	  of	  the	  circuit,	  allowing	  for	  90%	  recyclable	  printed	  circuit	  
assembly	  (Figure	  161).	  This	  is	  important	  for	  the	  design	  of	  products	  as	  recyclability	  of	  
conventional	  electronics	  has	  been	  a	  problem	  in	  the	  past,	  so	  if	  these	  components	  can	  
be	   removed	   and	   also	   reused	   in	   a	   different	   product,	   it	   also	   helps	   to	  minimise	   the	  
chances	  of	  these	  products	  ending	  up	  in	  landfill.	  	  
	  
	  
Figure	  160	  -­‐	  Submerged	  circuit	  board	  in	  hot	  water	  
(Treacy,	  2012)	  
	  
	  
	  
	  
	  
Figure	  161	  -­‐	  Removing	  components	  
(Treacy,	  2012)	  
	  
	  
Products	   such	   as	   ‘Printoo’	   demonstrate	   how	   printed	   electronics	   can	   impact	   on	  
prototyping,	  not	   just	   the	   final	  product.	   The	  aim	  of	  Printoo	  was	   to	  be	  modular	  and	  
mouldable,	  and	  in	  turn	  highly	  flexible,	  making	  this	  technology	  available	  to	  the	  public	  
(Figure	  162).	  This	  product	  has	  been	  aimed	  at	  the	  maker	  community	  and	  hobbyists,	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and	  is	  compatible	  with	  the	  Arduino	  Intergrated	  Development	  Environment	  (IDE)	  that	  
allows	   the	   user	   to	   programme	   the	   modules	   to	   achieve	   different	   functions	   and	  
outputs.	   Whilst	   this	   opens	   up	   a	   wide	   range	   of	   achieveable	   outputs,	   it	   does	   still	  
require	  the	  user	  to	  know	  how	  to	  programme	  and	  code,	  which	   is	  an	  area	  designers	  
may	  not	  be	  knowledgeable	  on.	  	  
	  
	  
Figure	  162	  -­‐	  Printoo	  circuit	  module	  
(Flaherty,	  2014)	  image	  from	  Wired	  webpage	  
	  
	  
An	   example	   Printoo	   often	   gives	   for	   this	   technology	   is	   to	   be	   used	   in	   a	   3D	   printed	  
watercraft	   ‘mini	   ziphius’	   (Figure	   163),	   which	   can	   be	   controlled	   via	   Bluetooth	  
(Newsloop	  Tech	  &	  Gadgets,	  2014).	  This	  application	  could	  be	  quite	  inspirational	  to	  a	  
designer,	   even	   if	   they	   do	   not	   understand	   how	   to	   code	   or	   programme,	   their	  
understanding	  of	  how	  this	  technology	  could	  be	  applied	  and	  also	  interact	  with	  other	  
products	  or	  user	  interfaces	  could	  be	  beneficial	  for	  them.	  Ynvisible	  were	  successful	  in	  
funding	   their	   Printoo	   Kickstarter	   campaign,	   gaining	   four	   times	   the	   amount	   they	  
pledged	  for	  (Ynvisible,	  2014).	  As	  it	  has	  a	  modular	  platform,	  along	  with	  the	  ability	  to	  
create	  apps,	  to	  control	  and	  connect	  to	  Printoo,	  it	  opens	  up	  potential	  for	  educational	  
applications,	  allowing	  users	  to	  build	  and	  control	  electronics	  quickly	  (Lomas,	  2014).	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Figure	  163	  -­‐	  Printoo	  3D	  printed	  watercraft	  ‘mini	  ziphius’,	  controlled	  via	  Bluetooth	  
(Ynvisible,	  2014)	  screenshot	  captured	  from	  their	  video	  for	  Kickstarter	  campaign	  
	  
	  
Appendix	  1.3:	  Dissolvable	  	  
	  
The	   work	   of	   Hwang	   et	   al.	   (Hwang,	   et	   al.	   2012.	   pp.	   1640-­‐1644)	   shows	   future	  
possibilities	   in	   the	   aim	   to	   achieve	   “systems	   that	   physically	   disappear	   at	   prescribed	  
times	  and	  at	  controlled	  rates”	  (Hwang,	  et	  al.	  2012.	  p.	  1640).	  This	  is	  with	  the	  creation	  
of	   a	   printed	   electronics	   circuit	   that	   can	   dissolve	   in	   deionized	   (DI)	   water	   or	   other	  
fluids	  via	  chemical	  reaction	  (Figure	  164).	  
	  
	  
Figure	  164	  -­‐	  Demonstration	  platform	  (A),	  Exploded	  view	  of	  materials	  (B),	  Time	  
sequence	  of	  it	  dissolving	  in	  deionized	  (DI)	  water	  (C).	  
(Hwang,	  et	  al.	  2012.	  p.	  1640)	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Printed	   onto	   a	   silk	   substrate,	   this	   demonstrates	   how	   in	   minutes,	   a	   circuit	   can	  
dissolve,	   examples	   given	   are	   medical	   applications,	   and	   also	   “portable	   consumer	  
devices	   that	   decompose	   to	   minimize	   the	   costs	   and	   health	   risks	   associated	   with	  
recycling	  and	  the	  management	  of	  hazardous	  waste	  streams”	  (Hwang,	  et	  al.	  2012.	  p.	  
1640).	   If	   applied	   in	   a	   product,	   the	   chosen	   lifetime	   before	   it	   dissolves	   could	   range	  
from	   days	   to	   years.	   Hwang’s	   et	   al.	   results	   managed	   to	   connect	   “a	   key	   electrical	  
property	  to	  models	  of	  reactive	  diffusion,	  thereby	  suggesting	  the	  capacity	  to	  use	  such	  
analytics	  in	  conjunction	  with	  established	  circuit	  simulators	  as	  a	  comprehensive	  design	  
approach”	  (Hwang,	  et	  al.	  2012.	  p.	  1642).	  This	  achievement	  means	  that	  the	  time	  scale	  
of	  the	  circuit	  dissolving	  will	  be	  accurate.	  Industrial	  designers	  designing	  products	  may	  
not	   be	   directly	   involved	   in	   this	   process,	   but	   this	   accuracy	   and	   advance	   in	   this	  
technology	   could	   open	   up	   the	   possibilities	   for	   a	   variety	   of	   new	   applications	   and	  
products	  to	  be	  designed.	  	  
	  
	  
Appendix	  1.4:	  Encapsulating	  and	  wearable	  
	  
Materials	   such	   as	   DuPont’s	   encapsulating	   overprints	   enable	   printed	   electronics	   to	  
become	   wearable,	   for	   smart	   clothing	   and	   other	   wearable	   electronics,	   with	  
stretchable,	   fully	   functioning	   materials	   (Figure	   165).	   DuPont	   claims	   their	   inks	   are	  
“washable	  and	  durable	  –	  it	  can	  withstand	  up	  to	  100	  wash	  cycles”	  when	  incorporated	  
into	   clothing.	   DuPont	   suggests	   these	   materials	   for	   smart	   clothing,	   as	   within	   this	  
application	   they	   state	   that	   it	   makes	   it	   “easier	   to	   design,	   manufacture,	   wash	   and	  
wear…these	   materials	   can	   be	   used	   in	   common	   manufacturing	   processes	   to	  
manufacture	   smart	   clothing	  without	   significant	   investment”	   (DuPont,	   2015a).	  With	  
the	  ability	  to	  encapsulate	  these	  materials	  and	  make	  them	  wearable,	  designers	  have	  
the	  chance	  to	  incorporate	  this	  technology	  in	  a	  much	  wider	  variety	  of	  applications	  or	  
products.	   This	   could	   allow	   for	   greater	   creative	   freedom	   when	   designing	   as	   the	  
designer	  no	  longer	  needs	  to	  be	  concerned	  with	  the	  electronics	  in	  their	  designs	  being	  
exposed	  to	  water	  damage.	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Figure	  165	  -­‐	  DuPont’s	  wearable	  electronics	  
(DuPont,	  2015a)	  
	  
	  
Appendix	   1.5:	   Skin	   mounted	   –	   human/machine	  
interface	  
	  
The	   Rogers	   Research	   Group	   (Rogers	   Research	   Group.,	   2015),	   part	   of	   Illinois	  
University,	  published	  their	  work	  on	  ‘epidermal	  electronics’	  in	  2011	  (Kim,	  et	  al.	  2011.	  
pp.	  838-­‐843).	  Kim	  et	  al.’s	  work	  turned	  printed	  electronics	  into	  ‘skin-­‐like’	  membranes	  
that	   conform	   to	   the	   skins	   surface,	   holding	   the	   same	  mechanical	   invisibility	   to	   the	  
user	  as	  a	   temporary	   transfer	   tattoo	   (Figure	  166).	   It	   is	   referred	   to	  as	  an	   ‘epidermal	  
electronic	  system’	  or	  ‘EES’	  and	  it	  was	  intended	  for	  health	  monitoring	  applications	  by	  
measuring	   brain,	   heart	   and	   skeletal	   muscles’	   electrical	   activity.	   The	   narrow	  
interconnect	   lines	   for	  effective	  designs	  were	   formed	  using	   ‘filamentary	   serpentine’	  
or	  ‘FS’	  shapes	  for	  better	  conformal	  contact	  onto	  the	  skin.	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Figure	  166	  -­‐	  Epidermal	  electronics	  
(Kim,	  et	  al.	  2011.	  p.	  839)	  
	  
	  
Adhesion	   is	  needed	   to	  attach	   the	  EES	   to	   the	  skins	   surface,	  a	   suggested	  application	  
for	   commercialisation	   was	   for	   health	   monitoring,	   as	   it	   proved	   successful	   in	   the	  
research,	   would	   be	   an	   alternative	   substrate	   to	   temporary	   transfer	   tattoos,	   rather	  
than	   the	   currently	   used	   PVA	   or	   polyester.	   The	   mechanics	   of	   the	   device	   (e.g.	  
conformability,	   stretchable)	   are	   determined	   by	   the	   device	   interconnect	   and	  
components,	  not	  the	  substrate	  itself;	  so	  for	  example,	  the	  thickness	  of	  materials	  and	  
materials	  used,	  along	  with	  surface	  area	  can	  have	  an	  effect	  of	  how	  conformable	  the	  
device	   is.	   With	   this	   in	   mind,	   Kim	   et	   al.	   compared	   the	   EES	   with	   silicon	   chips	   and	  
polyimide	   sheets	   for	   interface	   delamination,	   the	   results	   showed	   that	   reduction	   in	  
thickness	   and	   modulus	   (to	   improve	   elasticity	   using	   Young’s	   modulus)	   “lowers	   the	  
driving	   forces	   for	   interface	   delamination	   for	   a	   given	   applied	   strain	   (bending	   or	  
stretching)	  without	   lower	  bound”	   (Kim,	  et	  al.	  2011.	  pp.	  838-­‐839).	  The	  ability	  of	   the	  
EES	  having	   these	  properties	  enables	   the	  device	   to	  conform	  well	   to	   the	   skin,	  which	  
further	   contributes	   to	   how	  well	   the	   device	   will	   adhere	   to	   the	   skins	   surface	   when	  
adhesion	   is	  added.	  Used	   in	  this	  type	  of	  application,	  this	   is	  evidence	  of	  how	  printed	  
electronics	   has	   greater	   conformable	   abilities	   than	   that	   of	   conventional	   silicon	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electronics.	  When	  powering	  this	  device,	  wireless	  powering	  is	  preferable	  due	  to	  a	  lack	  
of	   sufficient	   technological	   advances;	   the	   device	   can	   be	   powered	   wirelessly	   via	  
inductive	   effects,	   using	   an	   FS	   inductive	   coil	   in	   the	   device	   that	   has	   the	   same	  
resonance	  frequency	  as	  a	  separately	  located	  externally	  powered	  coil.	  	  
	  
There	  were	  no	  signs	  of	  irritation	  to	  the	  skin	  or	  degradation	  of	  the	  device	  when	  worn	  
for	  up	  to	  24	  hours	  on	  the	  neck,	  arm,	  forehead,	  chin,	  and	  cheek	  (Kim,	  et	  al.	  2011.	  pp.	  
842).	  However,	   in	  more	   challenging	   areas	   the	   device	   did	   not	   survive	  well,	   such	   as	  
when	  mounted	   in	   the	   elbow,	   the	   device	   “fractured	   and/or	   debonded”	   (Kim,	   et	   al.	  
2011.	   pp.	   842)	   under	   the	   full	   range	   of	   motion.	   Results	   also	   revealed	   high	   quality	  
recorded	  signals	  when	  attached	  to	  the	  chest	  of	  the	  heartbeat,	  and	  when	  attached	  to	  
the	   leg,	   muscle	   contractions	   when	   walking	   were	   successfully	   recorded.	   As	   it	   can	  
monitor	  muscle	  contraction,	  it	  was	  used	  on	  the	  throat,	  noninvasively,	  whilst	  a	  person	  
was	   talking,	   recording	   the	   “vocalization	   of	   four	   words	   (“up,”	   “down,”	   “left,”	   and	  
“right”)	   repeated	  10	   times	  each…another	   set	  of	  words	   (“go,”	   “stop,”	  and	  “great”)”	  
(Kim,	  et	   al.	   2011.	  pp.	   843).	   These	  words	  each	  gave	  distinct	  patterns	   in	   signals	   and	  
were	  used	  in	  the	  recognition	  of	  vocabulary	  of	  words,	  these	  were	  then	  used	  to	  enable	  
the	  “control	  of	  a	  computer	  strategy	  game”	  (Kim,	  et	  al.	  2011.	  pp.	  843)	  using	  the	  EES	  
as	   the	   focus	   for	   a	   human/machine	   interface	   (Figure	   167).	   The	   issues	  with	   the	   EES	  
device	  were	   for	   long-­‐term	  use;	   future	   improvements	   of	   the	   device	  would	   need	   to	  
“accommodate	  the	  continuous	  efflux	  of	  dead	  cells	   from	  the	  surface	  of	   the	  skin	  and	  
the	  process	  of	  transpiration”	  (Kim,	  et	  al.	  2011.	  pp.	  843).	  
	  
	  
	  
Figure	  167	  -­‐	  EES	  computer	  game	  controller,	  human/machine	  interface	  
(Kim,	  et	  al.	  2011.	  p.	  842)	  
	  
	  
In	   2013	   a	   paper	   was	   published	   presenting	   the	   advances	  made	   to	   this	   technology	  
(Yeo,	   et	   al.	   2013),	   achieving	   much	   thinner	   and	   conformable	   properties	   in	   the	  
resulting	  device.	  The	  total	   thickness	  of	   the	  device	  was	  0.8μm	  in	   its	   thickest	  region,	  
which	  is	  a	  thickness	  fifty	  times	  smaller	  than	  that	  of	  the	  thinnest	  area	  of	  the	  human	  
epidermis.	   	   The	   width	   of	   the	   filamentary	   serpentine	   (FS)	   conductive	   traces	   were	  
reduced	  ten	  times	   to	  10μm	  (Figure	  168),	   significantly	   improving	   the	  conformability	  
to	   the	   skin.	   This	   improvement	   in	   conformability	   and	   contact	   facilitates	   electrical	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recording	  of	  EP	  signals	  through	  the	  skin,	  and	  improves	  the	  mechanical	  robustness	  of	  
integration.	  
	  
	  
Figure	  168	  -­‐	  Conductive	  traces	  size	  10μm	  conforms	  to	  the	  skin’s	  geometry	  
(Yeo,	  et	  al.	  2013,	  p.2775)	  
	  
	  
In	   Figure	   169,	   (a)	   shows	   epidermal	   electronic	   systems	   (EES)	   bonded	   to	   and	  
encapsulated	  on	  the	  skin	  (left)	  and	  the	  elements	  or	  components	  printed	  in	  the	  EES	  in	  
a	  magnified	  view	  (right).	  Demonstrated	  were	  two	  different	  methods	  of	  transferring	  
the	   circuitry	   processed	   on	   a	   silicon	   wafer	   to	   the	   skin	   (Figure	   169).	   The	   first	  
transferring	  method	  uses	  an	  elastomeric	  stamp	  to	  pick	  up	  the	  electronics	  from	  the	  
silicon	  wafer,	  a	  layer	  of	  spray-­‐on-­‐bandage	  serves	  as	  an	  adhesive	  and	  is	  sprayed	  onto	  
the	   skin,	   the	   electronics	   then	   stamped	   onto	   the	   spray-­‐on-­‐bandage	   the	   skin	   and	   is	  
finally	   encapsulated	   with	   another	   layer	   of	   spray-­‐on-­‐bandage.	   The	   second	   uses	   a	  
dissolvable	  PVA	  layer	  to	  pick	  up	  the	  electronics	  and	  a	  coated	  with	  a	   layer	  of	  spray-­‐
on-­‐bandage,	  this	   is	  placed	  onto	  the	  skin	  and	  the	  PVA	   layer	  dissolved	  with	  water	  to	  
leave	  the	  electronics	  on	  the	  skin,	  this	  is	  finally	  encapsulated	  with	  a	  spray-­‐on-­‐bandage	  
(Yeo,	  et	  al.	  2013,	  p.2773-­‐2774).	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Figure	  169	  -­‐	  Epidermal	  electronic	  systems	  (EES)	  bonded	  and	  encapsulated	  on	  the	  
skin	  (a),	  Two	  different	  processes	  to	  transfer	  onto	  the	  skin:	  with	  Stamp	  (b,	  c,	  d,	  g)	  and	  
with	  PVA	  (b,	  e,	  f,	  g)	  
(Yeo,	  et	  al.	  2013,	  p.2774)	  
	  
	  
The	   spray-­‐on-­‐bandage	   coating	   used	   directly	   onto	   the	   skin’s	   surface	   achieves	   a	  
conformal	   layer	  and	   reduction	   in	   initial	   roughness	  of	   the	  skin.	  When	   the	  spray-­‐on-­‐
bandage	   is	   used	   to	   encapsulate	   the	   EES,	   three	   to	   four	   coatings	   are	   applied,	  
promoting	   adhesion	   of	   the	   EES	   when	   used	   on	   the	   skin	   or	   PVA	   (Yeo,	   et	   al.	   2013,	  
p.2775).	   Through	   either	   process,	   the	   EES	   followed	   all	   of	   the	   skin’s	   natural	  
deformations	  without	  constraint	  (Figure	  170).	  It	  was	  then	  fatigue	  tested	  through	  500	  
cycles	  of	  pinching	  and	  releasing	  the	  skin,	  which	  demonstrated	  excellent	  robustness.	  
The	   spray-­‐on-­‐bandage	   offers	   a	   thickness	   thirty	   times	   smaller	   than	   that	   of	   silicone	  
substrate	  polymers	  previously	  used.	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Figure	  170	  -­‐	  Strain	  sensing	  of	  EES	  on	  the	  skin	  
(Yeo,	  et	  al.	  2013,	  p.2776)	  
	  
	  
These	  materials	  and	  mounting	  procedures	  conducted	  and	  tested	  in	  this	  study	  in	  real-­‐
world	   situations	   show	   vast	   improvements	   to	   their	   previously	   reported	   work,	  
exceeding	   “levels	  of	  mechanical	   robustness	  and	   lifetime	  of	  wearability”	   (Yeo,	  et	  al.	  
2013,	  p.2775).	  Demonstrations	  proved	  this	  through	  mounting	  the	  EES	  devices	  on	  six	  
volunteers’	  forearms	  for	  a	  two-­‐week	  period,	  evaluating	  the	  devices	  periodically	  both	  
functionally	   and	   visually.	   Strong	   bonding	   to	   the	   skin	   was	   indicated	   and	  
accommodated	   sweat	   and	   water	   through	   normal	   living	   behaviours,	   such	   as	  
showering,	  exercising	  and	  working	  for	  between	  one	  and	  two	  weeks	  (Yeo,	  et	  al.	  2013,	  
p.2776).	   In	  more	   demanding	   situations,	   a	   single	   (<0.5μm	   thick)	   application	   of	   the	  
spray-­‐on-­‐bandage	  once	  a	  day,	  or	  once	  every	  other	  day	  provides	  best	  results.	  	  
	  
The	  eventual	   failure	  of	   the	  devices	  were	  not	   from	  premature	   loss	  of	  adhesion,	  but	  
from	  exfoliation	  of	  dead	  skin	  cells,	  causing	  the	  device	  to	  fracture	  and	  peel	   in	  small	  
pieces	  (Yeo,	  et	  al.	  2013,	  p.2776).	  The	  use	  of	  spray-­‐on-­‐bandages	  allows	  for	  long-­‐term	  
use	   of	   the	   device,	   releasable	   connectors	   and	   removal	   of	   the	   device	   from	   the	   skin	  
without	  causing	  damage	  to	  the	  electronics	  or	  irritation	  to	  the	  skin	  (Figure	  171).	  	  
	  
	  
Figure	  171	  -­‐	  Releasable	  connector	  and	  peeling	  device	  from	  on	  skin	  
(Yeo,	  et	  al.	  2013,	  p.2776)	  
	  
	  
The	  EES	  device	  mounted	  on	  the	  forearm	  was	  also	  used	  for	  measuring	  bending	  of	  the	  
wrist	   every	   30	   seconds	   periodically;	   the	   same	   device	   a	   worn	   for	   a	   week	   was	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measured	  again	  with	  the	  same	  test,	   resulting	   in	  similar	  readings	  but	  this	   time	  with	  
increased	   noise,	   thought	   to	   be	   from	   the	   accumulation	   of	   dead	   cells	   on	   the	   skins	  
surface.	  A	  different	  sensor	  was	  also	  incorporated	  to	  test	  the	  temperature	  of	  the	  skin	  
when	   heat	   was	   applied,	   proving	   successful.	   This	   technology	   was	   aimed	   at	   health	  
monitoring	   and	  with	   a	   potential	   for	   inside	   or	   outside	   of	   the	   hospital	   environment	  
with	  test	  also	  conducted	  on	  a	  person’s	  chest	  to	  monitor	  breathing.	  	  	  	  
	  
Whilst	   this	   technology	   was	   aimed	   at	   medical	   and	   gaming	   applications,	   product	  
design	  could	  actually	  do	  so	  much	  more	  with	  this	  technology	  as	  they	  often	  have	  such	  
a	  broad	  knowledge	  on	  a	  range	  of	  materials,	  they	  could	  actually	  apply	  this	  technology	  
to	   many	   different	   products.	   With	   the	   potential	   of	   this	   technology	   being	   able	   to	  
adhere	   to	   a	   surface	   as	   fine	   as	   the	   skin’s	   surface	   geometry	   whilst	   also	   being	  
stretchable,	  this	  technology	  could	  be	  applied	  to	  materials	  with	  unusual	  textures	  and	  
stretchable	   properties	   such	   as	   foams,	   plastics,	   and	   rubber	   etc.	   This	   technology,	  
combined	   with	   materials	   such	   as	   these	   could	   result	   in	   extremely	   long	   lasting	  
products,	   as	  with	   the	  medical	   applications,	   the	   only	   reason	   they	   failed	   or	   devices	  
dismounted	  was	  due	  to	  the	  person’s	  skin	  shedding.	  
	  
	  
Appendix	  1.6:	  Stretchable	  and	  conformable	  
	  
The	   research	   related	   to	   epidermal	   electronic	   systems	   (EES)	   were	   also	   transferred	  
from	   lab	   research	   and	   experiments	   to	   fully	   functioning,	   commercially	   available	  
products	  through	  the	  Rogers	  research	  group’s	  spin	  out	  company	  called	  MC10	  (MC10	  
Inc.,	  2015).	  Professor	  John	  Rogers	  of	  the	  University	  of	  Illinois	  founded	  MC10	  in	  2008	  
to	   take	   the	   “stretchable	   electronics	   platform	   out	   of	   the	   lab	   and	   into	   commercial	  
product	   development”	   (MC10	   Inc.,	   2015).	   They	   offer	   products	   using	   conformable	  
printed	   electronics	   over	   a	   range	   of	   disciplines:	   consumer	   products,	   digital	   health,	  
medical	   devices,	   and	   industrial	   and	   defence.	   In	   their	   consumer	   products	   under	  
sports	  they	  have	  a	  product	  that	  was	  developed	  with	  Reebok	  called	  ‘Checklight’.	  It	  is	  a	  
head	   impact	   indicator	   to	   show	   the	   severity	   of	   a	   blow	   to	   the	  head,	   it	   consists	   of	   a	  
skullcap	  with	   a	   network	   of	   sensors	   on	   the	   inside	   that	   can	   be	  worn	   on	   its	   own	   or	  
under	   a	   helmet	   during	   sports	   and	   fitness	   activities.	   It	   is	   available	   to	   purchase	   at	  
$149.98	   each	   through	   Reebok’s	   website	   (Reebok	   International,	   2013).	   Checklight	  
continuously	  measures	  the	  impacts	  to	  the	  head	  and	  displays	  a	  light	  indicator	  to	  show	  
how	  many	  hits	  and	  how	  severe	  the	  impacts	  are	  in	  real	  time	  with	  a	  traffic	  light	  system	  
visual	  cue;	  green	  shows	  the	  product	  is	  on	  and	  functioning,	  orange	  shows	  a	  moderate	  
impact,	   and	   red	   shows	   a	   severe	   impact	   to	   the	   head.	   It	   is	   designed	   as	   a	   safety	  
focused,	  teaching	  tool	  to	  be	  used	  by	  athletes,	  coaches,	  athletic	  trainers	  and	  parents.	  
It	  also	  won	  the	  2014	  best	  of	   innovations	  award	  (Figure	  172)	  from	  the	  International	  
CES	   innovations	   design	   and	   engineering	   awards	   (MC10	   Inc.,	   2014).	   This	   is	   a	   good	  
example	   of	   how	   technology	   research	   can	   be	   translated	   into	   a	   commercially	   viable	  
product,	   and	   so	   if	   designers	   can	   understand	   the	   technology	   in	   its	   research	   stage,	  
they	   can	   then	   begin	   to	   think	   about	   how	   that	   technology	   can	   be	   translated	   into	   a	  
product	  that	  utilises	  the	  technology’s	  benefits	  whilst	  providing	  a	  design	  solution	  for	  
an	  end	  user.	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Figure	  172	  -­‐	  Reebok	  Checklight	  
(MC10	  Inc.,	  2014)	  
	  
	  
The	  company	   ‘BeBop	  Sensors’	   are	   in	   the	  area	  of	   ‘smart	   fabrics’	   and	   ‘wearables’	  of	  
printed	  electronics	   technology.	  BeBop	  Sensors	   is	   a	   spin	  out	   company	  of	   the	  music	  
company	   ‘Keith	  McMillen	   instruments’,	   Keith	  McMillen	   (founder	   and	   CEO	   of	   both	  
companies)	   discussed	   BeBop	   Sensors,	   saying	   that	   the	   market	   reception	   to	   BeBop	  
Sensors	  is	  “really	  quite	  amazing”,	  and	  explains:	  “We	  are	  closing	  deals	  with	  numerous	  
top	   tier	   companies,	   often	   with	   them	   reaching	   out	   to	   us	   for	   solutions	   …	  Designers	  
have	   articulated	   very	   precise	   requirements	   and	   it	   is	   satisfying	   to	   be	   able	   to	   finally	  
bring	  their	  projects	  to	  fruition”	  (Savastano,	  D.,	  2015b).	  	  
	  
On	  BeBop	  Sensors’	  website,	  they	  describe	  their	  printed	  sensor	  technology	  as:	  
	  
• “Washable	  fabric	  can	  measure	  XYZ	  location,	  Bend,	  Twist,	  Rotation,	  Force	  
• Materials	  available	  in	  woven	  and	  non-­‐woven	  base	  cloth	  
• Multiple	  sensors	  can	  be	  placed	  on	  same	  piece	  of	  fabric	  
• Accuracy	  over	  time	  and	  temperature	  tuned	  to	  product	  requirements	  
• Sizes	  up	  to	  60”	  wide	  by	  any	  reasonable	  length	  
• Thickness	  from	  .25	  mm	  to	  .50mm	  
• Electronic	  package	  (USB,	  BLE,	  CAN,	  WIFI)	  embedded	  into	  fabric	  
• Printed	   layers	   include	  dielectric,	   resistive	  and	   controlled	   conductive”	   (BeBop	  
Sensors,	  2016)	  
	  
Toshi	   Quides	   (VP,	   Operations	   for	   BeBop	   Sensors)	   explains	   their	   technology	   at	   the	  
IDTechEx	  Wearable	  USA	  event	  as	  being	  pressure	  sensitive	  fabric	  sensors	  made	  from	  
a	  multi-­‐layered	  stack	  of	   inks	  and	  mentioned	  that	  they	  are	  working	  with	  DuPont	  on	  
the	   inks,	   and	   they	   print	   directly	   onto	   the	   fabric.	   The	   example	   presented	   was	   an	  
insole	  where	  conductive	  silver	  inks	  have	  been	  printed	  onto	  the	  black	  fabric	  and	  there	  
is	   space	   to	   add	   a	   microcontroller	   (conventional/silicon	   electronic	   component)	   to	  
create	  a	  very	  thin	  flexible	  sensor	  (Figure	  173).	  Quides	  said	  that	  wearable	  applications	  
such	   as	   this	   are	   created	   to	   be	   for	   permanent	   use	   for	   in	   clothing	   etc.,	   rather	   than	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disposable	  use	  applications.	  BeBop	  Sensors	  are	  considered	  to	  be	  more	  of	  a	  wide	  area	  
sensor	   business,	   rather	   than	   a	   business	   that	   focuses	   on	   just	   one	   vertical/market	  
sector	  (Charbax,	  2016).	  	  
	  
	  
Figure	  173	  -­‐	  BeBop	  Sensors’	  insole:	  printed	  electronic	  sensors	  with	  space	  to	  add	  in	  a	  
microcontroller	  (silicon	  electronic	  component)	  to	  create	  a	  very	  thin	  flexible	  sensor	  
(Charbax,	  2016)	  
	  
	  
On	   BeBop	   Sensors’	   website	   (BeBop	   Sensors,	   2016)	   they	   show	   examples	   of	   where	  
their	   technology	  could	  be	  applied.	  BeBop’s	   technology	  examples	  of	  sensors	  can	  be	  
seen	  in	  Figure	  174,	  showing:	  (a)	  spandex	  sensor	  –	  a	  variety	  of	  sensors	  printed	  onto	  
stretchable	   material,	   (b)	   skull	   cap	   –	   forms	   an	   elliptical	   hemisphere	   that	   detects	  
location	   and	   force	   of	   head	   impacts,	   (c)	   shoe	   upper	   –	   medical	   insert	   for	   shoes	   to	  
sense	  diabetic	  episodes	  based	  on	  swelling,	  (d)	  long	  sensor	  –	  28	  sensors	  provide	  XYZ	  
response	   for	   linear	   applications,	   (e)	   pressure	  map	   –	  medium	   resolution	   256	   point	  
pressure	   map	   with	   sensors	   every	   1.3	   cm,	   (f)	   circular	   grip	   sensor	   –	   useful	   for	  
measuring	  pressure	   from	  circular	  objects	  with	  high	   resolution,	   (g)	  arm	  controller	  –	  
eleven	   sensors	   for	   control	   of	   phone	   answering,	   volume	   control,	   and	  music	   player	  
transports,	  (h)	  insoles	  –	  thin	  2mm	  insoles	  with	  20	  sensors	  for	  accurate	  measurement	  
of	   forces	   applied	   by	   the	   foot,	   (i)	   data	   glove	   –	   provides	   14	   data	   outputs:	   two	   per	  
finger	  and	  four	  abduction	  sensors.	  
	  
Another	   application	   is	   for	   the	   automotive	   sector,	   their	   ‘smart	   tire’	   can	   sense:	   the	  
road	  surface,	  adjust	  suspension	  and	  anti-­‐lock	  brakes,	  and	  report	  on	  tread	  depth	  of	  
the	  tires.	  Sensors	  can	  also	  be	  incorporated	  into	  a	  car’s	  steering	  wheel	  to	  detect	  the	  
driver’s	   alertness.	   Bebop	   uses	   mainly	   non-­‐woven	   fabrics	   such	   as	   nylon	   or	   felt,	   as	  
they:	   are	   very	  uniform,	   there	   is	   no	   fraying,	   and	   can	  be	   laser	   cut;	   this	  makes	   them	  
“the	   material	   of	   choice”.	   Bebop	   Sensors	   also	   received	   the	   2015	   Frost	   &	   Sullivan	  
North	   American	   Technology	   Innovation	   Award	   for	   their	   fabric	   sensor	   technology	  
(Savastano,	  D.,	  2015c).	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Figure	  174	  -­‐	  BeBop	  technology	  examples	  of	  sensors:	  (a)	  spandex	  sensor,	  (b)	  skull	  cap,	  
(c)	  shoe	  upper,	  (d)	  long	  sensor,	  (e)	  pressure	  map,	  (f)	  circular	  grip	  sensor,	  (g)	  arm	  
controller,	  (h)	  insoles,	  (i)	  data	  glove.	  
(BeBop	  Sensors,	  2016)	  
	  
	  
Keith	  McMillen	  discusses	  his	  company’s	  technology	  and	  printed	  electronics’	   future:	  
“BeBop	  is	  pushing	  the	  performance	  capabilities	  of	  printed	  electronics	  with	  challenges	  
of	  high	  count	  multiple	  layers,	  ink	  compatibilities,	  durability	  in	  extreme	  environments	  
and	   finding	   the	   right	   low	   cost	   solution	  …	   Printed	   electronics	   is	   going	   to	   look	   a	   lot	  
different	   in	   a	   couple	   of	   years”	   (Savastano,	   D.,	   2015b).	   With	   the	   BeBop	   Sensors	  
company,	  as	  the	  smart	  technology	  has	  evolved,	  so	  has	  the	  understanding	  of	  sensors	  
and	  the	  sensors’	  potential	  applications	  from	  “would-­‐be	  customers”,	  Keith	  McMillen	  
said	   that	   “the	  ability	   to	  articulate	  need	  has	   improved	   tremendously	  …	  That’s	   really	  
been	   fantastic.	   When	   someone	   comes	   in	   with	   the	   desire	   but	   not	   the	   design,	   the	  
project	  goes	  nowhere.	  But	  we	  have	  seen	  people	  show	  up	  with	  a	  clear	  sense	  of	  [their]	  
need,	   articulating	   a	   design,	   and	   an	   understanding	   of	   tradeoffs	   …	   They’re	   not	  
surprised	  to	  hear	  there	  are	  tradeoffs,	  because	  they	  expect	  them”	  (Baum,	  S.,	  2016).	  
	  
By	   printing	   directly	   onto	   fabrics	   and	   the	   ability	   to	   incorporate	   conventional	   silicon	  
electronic	   components	   into	   those	   circuits	   could	   get	   designers	   thinking	   differently	  
about	  this	  technology,	  inspiring	  them	  to	  design	  with	  fabrics	  and	  also	  to	  think	  aobut	  
the	  longevity	  of	  their	  designs	  as	  they	  can	  be	  a	  ‘permanent	  use’	  product,	  which	  also	  
means	  it	  leads	  to	  less	  products	  going	  straight	  into	  land	  fill.	  As	  these	  fabrics	  can	  also	  
be	   cut	   out	   using	   a	   laser	   cutter,	   it	   opens	   up	   a	   wide	   variety	   of	   patterns	   that	   the	  
designer	  could	  create,	  meaning	  that	  the	  shapes	  no	  longer	  have	  to	  be	  constrained	  to	  
a	  simple	  rectangle	  or	  square,	  but	  more	  creative,	  unusual	  shapes,	  that	  could	  blend	  in	  
better	   with	   a	   product	   or	   alternatively	   stand	   out	   and	   created	   to	   be	   a	   new	   iconic	  
element	  of	  the	  design.	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Appendix	  1.7:	  Thermo	  forming	  (3D),	  in-­‐mould,	  and	  
injection	  mould	  	  
	  
In-­‐mould	   stretchable	   printed	   electronic	   inks	   enable	   touch	   sensors	   to	   be	   directly	  
embedded	  inside	  of	  plastic	  parts,	  this	  is	  achieved	  by	  printing	  the	  circuits	  onto	  plastic	  
sheets	  which	  are	  then	  thermoformed	  (to	  form	  it	  to	  the	  required	  shape)	  and	  injection	  
moulded	  (sealing	  and	  embedding	  the	  printed	  electronics	  in	  a	  single	  piece	  of	  plastic),	  
this	  process	  can	  be	  seen	  below	  (Figure	  175).	  In	  their	  video	  they	  say	  that	  it	  “enables	  
designers	  to	  create	  touch	  switches	  and	  connect	  lighting	  through	  printed	  technology,	  
eliminating	   the	   need	   for	   traditional	   switching	   components	   and	   wires”	   (DuPont,	  
2015b).	  	  
	  
	  
	  
Figure	  175	  -­‐	  DuPont’s	  In-­‐Mould	  process	  using	  printed	  electronic	  stretchable	  inks:	  (a)	  
print	  conductive	  inks	  onto	  plastic,	  (b)	  plastic	  is	  thermoformed	  to	  shape,	  (c)	  injection	  
moulding	  seals	  in	  electronic	  components,	  (d)	  the	  excess	  material	  is	  removed.	  
(DuPont,	  2015b)	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DuPont’s	   finished	   in-­‐mould	   process	   example	   (Figure	   176)	   was	   used	   for	   a	   shower	  
control	  panel	  (Figure	  177).	  
	  
	  
Figure	  176	  -­‐	  DuPont’s	  finished	  in-­‐mould	  process	  
(DuPont,	  2015b)	  
	  
	  
	  
Figure	  177	  -­‐	  DuPont’s	  shower	  control	  panel	  using	  the	  finished	  in-­‐mould	  process	  
(DuPont,	  2015b)	  
	  
	  
DuPont	   explains	   how	   their	   in-­‐mould	   electronic	   technology	   is	   “the	   perfect	   union	   of	  
form	   and	   function”	   and	   that	   it	   gives	   “interface	   designers	   new	   creative	   freedom,	  
without	   any	   compromise	   in	  meeting	   functional	   switching	   needs”	   (DuPont,	   2016a).	  
They	  describe	  the	  features	  and	  benefits	  of	  their	  in-­‐mould	  technology	  as	  being:	  more	  
than	   70%	   lighter,	   up	   to	   30%	   less	   cost,	   part	   assembly	   time	   cut	   by	   40%,	   and	   new	  
design	   freedom.	   They	   identify	   four	   main	   areas	   for	   application:	   appliances,	  
automotive,	   aerospace,	   and	   consumer	   electronics	   (DuPont,	   2016a).	   Another	  
example	  provided	  by	  DuPont	  was	  with	  the	  company	  TactoTek,	  which	  demonstrates	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the	   complex	   forms	   that	   can	   be	   achieved	   using	   their	   in-­‐mould	   technology	   using	   a	  
microcircuit	  (Figure	  178).	  
	  
	  
Figure	  178	  -­‐	  ‘TactoTek’	  Microcircuit	  
(DuPont,	  2016b)	  
	  
	  
TactoTek	   describe	   their	   in-­‐house	   manufacturing	   capabilities	   as	   being	   a	   full	   range,	  
including:	   design	   optimization	   for	   in-­‐mould	   electronics,	   tooling	   and	   fixture	   design,	  
screen	  printing,	  surface	  mount	  technology,	  3D	  forming,	  injection	  moulding,	  finishing,	  
assembly,	  and	  testing.	  They	  discuss	  how	  their	  capabilities	  allows	  for	  their	  customers	  
to	   take	   their	   “initial	   design	   through	   proof-­‐of-­‐concept,	   rapid	   iterative	   prototyping,	  
pilot	   production	   and	   mass	   production”,	   they	   describe	   their	   service	   as	   being	   the	  
customers	  ‘design	  partner’	  to	  “bring	  the	  advantages	  of	  structural	  electronics	  to	  your	  
design	   concept”	   rather	   than	   designing	   the	   product	   themselves	   (TactoTek,	   2016).	  
They	  state	  that	  their	  form	  factors	  such	  as	  their	  microcircuit	  example	  (Figure	  178)	  are	  
only	  2.5mm	  thick,	  and	  that	  even	  flexible	  designs	  can	  encapsulate	  electronics	  (Figure	  
179),	  also	  designs	  can	  be	  customised	  with	  forms,	  graphics	  and	  lighting	  (Figure	  180).	  
	  
	  
Figure	  179	  -­‐	  TactoTek	  –	  encapsulate	  electronics	  in	  flexible	  designs	  
	   391	  
(TactoTek,	  2016)	  
	  
Figure	  180	  -­‐	  TactoTek	  –	  incorporate	  forms,	  graphics	  and	  lighting	  in	  designs	  
(TactoTek,	  2016)	  
	  
	  
TactoTek	   use	   their	   ‘ControlSurface’	   as	   an	   example	   to	   show	  many	   of	   their	   popular	  
features	  implemented	  using	  their	  in-­‐mould	  technology	  (Figure	  181)	  and	  this	  example	  
demonstrates:	   1)	   3D	   Proximity	   Sensing	   Cover	   –	   a	   wave	   of	   the	   hand	   activates	  
controls,	   2)	   Printed	   controls,	   buttons	   and	   slider,	   3)	   ‘LightStripe’	   –	   even	  bright	  RGB	  
styling	   illumination,	  4)	  NFC	  printed	  antenna	   (under	  decoration),	  5)	   LEDs	   for	  backlit	  
indicators	  and	  ‘LightStripe’	  integrated	  within	  moulded	  plastic,	  6)	  PCB	  moulded	  inside	  
of	  the	  3D	  plastic	  structure.	  They	  also	  provide	  two	  application	  examples	  to	  show	  how	  
their	  technology	  could	  translate	  into	  a	  product	  or	  part	  of	  a	  product	  (Figure	  182)	  the	  
examples	   provided	   are:	   (a)	   Car	   overhead	   panel	   with	   integrated	   capacitive	   touch	  
buttons,	   sliders	   and	   both	   map	   and	   courtesy	   lights,	   and	   (b)	   Intelligent	   insole	   with	  
sensors	  and	  encapsulated	  electronics.	  This	  style	  of	  presenting	  the	  information	  could	  
be	  quite	   inspirational	   to	  designers	  when	   learning	  about	  the	  technology,	  along	  with	  
information	   on	   the	   different	   production	   processes	   involved	   (Figure	   175)	   and	   the	  
ability	   to	   see	   the	   circuit	   after	   it	   has	   been	   populated	   with	   conventional	   electronic	  
components	  before	  it	  has	  undergone	  the	  final	  process	  of	  injection	  moulding	  (Figure	  
183)	   as	   it	   allows	   a	   designer	   to	   change	   their	   mind	   about	   the	   design	   before	   mass	  
production.	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Figure	  181	  -­‐	  TactoTek	  ‘ControlSurface’	  
(TactoTek,	  2016)	  
	  
	  
	  
Figure	  182	  -­‐	  TactoTek	  Examples	  
(TactoTek,	  2016)	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Figure	  183	  -­‐	  Electronic	  building	  blocks	  on	  an	  IML	  foil	  prior	  to	  injection	  moulding	  
(TactoTek,	  2016)	  
	  
	  
The	  company	  ‘T+ink’	  also	  appear	  to	  offer	  a	  similar	  service	  with	  their	  manufacture	  of	  
moulded	   plastic	   surfaces	   called	   ‘T+mold’	   and	   they	   give	   examples	   of	   product	  
applications	   (Figure	   184)	   being	   control	   panels	   in	   cars,	   refrigerators,	   washing	  
machines	   and	   aeronautical	   equipment.	   They	   also	   state	   that	   their	   technology	   can	  
“create	   thin,	   lightweight	   and	   flexible	   circuits	   and	   switches	   that	   greatly	   enhance	   a	  
product’s	  functionality	  at	  a	  significantly	  reduced	  cost,	  size	  and	  weight”	  (T+ink,	  2016).	  
	  
	  
Figure	  184	  -­‐	  T+ink’s	  T+mold	  applications	  
(T+ink,	  2016)	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Appendix	  1.8:	  Printing	  directly	  onto	  a	  3D	  surface	  
	  
The	   company	   ‘Printed	   Electronics	   Ltd’	   (PEL)	   “were	   tasked	   by	   a	   customer	   with	  
developed	   a	   method	   of	   printing	   electronics	   onto	   any	   3D	   surface”	   in	   which	   they	  
demonstrated	   their	   capabilities	   (Meyer,	   D.,	   2014)	   by	   printing	   a	   circuit,	  
microcontroller,	  and	  temperature	  sensor	  directly	  onto	  a	  standard	  wine	  bottle	  (Figure	  
185),	   along	  with	   LEDs	   (Figure	   186).	   PEL	   demonstrate	   on	   their	   website	   their	   inkjet	  
printing	  technology	  printing	  onto	  3D	  surfaces	  through	  a	  video	  of	  it	  printing	  circuitry	  
onto	  an	  aerospace	  helmet,	  showing	  the	  printing	  nozzles/heads	  moving	  across	  the	  3D	  
surface	  (Printed	  Electronics	  Ltd,	  2016a).	  
	  
	  
Figure	  185	  -­‐	  Printing	  on	  a	  3D	  surface	  -­‐	  printing	  a	  circuit,	  microcontroller,	  and	  
temperature	  sensor	  directly	  onto	  a	  standard	  wine	  bottle	  
(Meyer,	  D.,	  2014)	  
	  
	  
	  
Figure	  186	  -­‐	  Fully	  functioning	  circuit	  with	  multiple	  components	  -­‐	  created	  to	  
demonstrate	  PEL’s	  ability	  to	  print	  circuits	  on	  3D	  objects	  
(Printed	  Electronics	  Ltd,	  2016a)	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PEL	   also	   provide	   a	   more	   complex	   example	   (Figure	   187)	   of	   the	   capabilities	   of	   this	  
inkjet	  technology	  which	  they	  call	  their	  ‘3D	  circuit	  printer’	  by	  using	  a	  “3D	  printed	  nose	  
cone	  where	  we	  turn	  around	  the	  normal	  electronic	  circuit	  sequence.	  Here	  we	  started	  
with	  a	  3D	  FDM	  part	  with	  recesses	  for	  electronic	  components.	  The	  components	  were	  
then	  placed	  into	  the	  recesses	  and	  finally	  the	  interconnects	  were	  printed	  using	  PE’s	  3D	  
circuit	  printer”	  (Printed	  Electronics	  Ltd,	  2016a).	  In	  this	  example	  they	  show	  how	  they	  
have	  incorporated	  rotation	  of	  the	  3d	  object	  into	  the	  process	  in	  order	  to	  print	  all	  the	  
way	  around	  an	  object.	  They	  also	  show	  an	  example	  of	  how	  well	  their	  conductive	  inks	  
can	  be	  printed	  onto	  fabrics	  to	  create	  circuitry,	  demonstrating	  each	  fibre	  being	  fully	  
coated	  with	  their	  conducting	  metal,	  which	  they	  use	  for	  their	   fabric	  displays	  (Figure	  
188).	  
	  
	  
Figure	  187	  -­‐	  Printing	  circuitry	  onto	  a	  3D	  printed	  nose	  cone:	  (a)	  inkjet	  printing	  
circuitry,	  (b)	  finished	  item	  
(Printed	  Electronics	  Ltd,	  2016a)	  
	  
	  
	  
Figure	  188	  -­‐	  Printing	  conductive	  ink	  on	  fabric	  –	  used	  for	  PEL’s	  fabric	  displays	  
(Printed	  Electronics	  Ltd,	  2016a)	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This	  ability	  to	  print	  onto	  any	  3D	  object	  that	  can	  be	  clamped	  into	  the	  machine	  could	  
allow	  designers	  to	  add	  functionality	  to	  any	  of	  their	  designs,	  whether	  it’s	  a	  3D	  printed	  
final	  model,	  or	  a	  hand	  made	  prototype	  model	  from	  the	  workshop.	  So	  whilst	  this	  is	  a	  
great	   advance	   in	   printed	   electronics	   technology,	   designers	   would	   still	   need	   an	  
appreciation	  of	  how	  the	  circuitry	  would	  work	  and	  would	  need	  to	  research	  into	  how	  
long	   the	   printed	   circuitry	   would	   stay	   on	   the	   product,	   ware	   and	   tear	   areas	   of	   the	  
product	  with	  regards	  to	  the	  affects	  on	  the	  circuitry,	  if	  the	  circuit	  would	  still	  work	  in	  
the	  product’s	  operation	  or	  use	  by	  the	  user	  (if	  by	  touching	  it,	  it	  could	  cause	  the	  circuit	  
to	   short),	  would	   the	  manufacturing	   time	  needed	   to	   create	   the	   circuitry	   on	   the	   3D	  
surface	  be	  worth	  the	  overall	  product	  benefits	  and	  if	  this	  process	  would	  be	  scalable	  to	  
mass	  manufacture,	  and	  also	  what	  the	  benefits	  of	  printing	  on	  the	  3D	  surface	  would	  
actually	  be.	  
	  
Appendix	  1.9:	  Designed	  products	  for	  every	  day	  use	  
-­‐	  consumer	  products	  /	  lifestyle	  
	  
French	   designers	   Celia	   Torvisco	   and	   Raphael	   Pluvinage	   created	   a	   touch	   sensitive	  
ceramic	   radio	   ‘Hibou’	   using	   screen	   printed	   palladium	   (Figure	   189).	   The	   screen	  
printed	   palladium	   controls	   different	   functions	  when	   the	   user	   touches	   the	   surface:	  
the	   circle	   on	   top	   is	   the	   on/off	   button,	   the	   pointed	   tabs	   around	   the	   top	   are	   each	  
tuned	  to	  a	  different	  radio	  station,	  and	  the	  zig-­‐zag	  pattern	  on	  the	  cylinder	  body	  of	  the	  
radio	  controls	   the	  volume.	   In	   this	  case,	   the	  user’s	   interaction	  with	   the	  product	  are	  
key	   to	   how	   the	   product	   functions,	   this	   would	   be	   particularly	   interesting	   from	   a	  
designer’s	  perspective	  as	  it	  could	  get	  them	  thinking	  about	  how	  they	  can	  increase	  the	  
user’s	   experience	   related	   to	   direct	   interaction	   with	   the	   product	   that	   they	   are	  
designing.	  
	  
	  
Figure	  189	  -­‐	  ‘Hibou’	  touch	  sensitive	  ceramic	  radio	  using	  screen	  printed	  palladium	  
(Campbell-­‐Dollaghan,	  K.,	  2013)	  
	   397	  
	  
	  
T+ink’s	  system	  called	  ‘Touchcode’	  “connects	  the	  physical	  and	  digital	  worlds,	  breaking	  
through	   the	   boundaries	   and	   limitations	   of	   current	   systems”	   applications	   include	  
“secure,	  conductive	  ink	  signatures	  embedded	  in	  packaging,	  labels	  and	  other	  objects”	  
electronic	   devices	   such	   as	   a	   smartphone	   can	   detect	   the	   ‘touchcode’	   technology	  
through	   capacitive	   touch.	   More	   applications	   include	   consumer	   engagement	   and	  
marketing,	  product	  security	  and	  authentication,	  and	  inventory	  management	  (T+ink,	  
2016).	  Conductive	   ink	   is	  used	   to	   transmit	   information	   to	   the	   reader	   (which	  can	  be	  
found	   in	  any	  modern	  mobile	  device:	   the	  screen).	  The	  capacitive	   touchscreens	  read	  
the	   conductive	   pattern	   of	   the	   ink	   on	   the	   smart	   card	   or	   smart	   packaging,	   in	   this	  
example	  the	  promotional	  ‘Cars	  2’	  card	  is	  held	  over	  the	  suitable	  app	  which	  brings	  up	  
an	   image	   of	   the	   relevant	   car	   (Figure	   190).	   This	   technology	   has	   the	   potential	   to	  
replace	   the	   “relatively	   pricey	   RFID	   technology”	   and	  would	   be	   “easier	   to	   use	   –	   and	  
more	   pleasing	   to	   the	   eye	   –	   than	   a	   QR	   code	   that	   needs	   to	   be	   held	   in	   front	   of	   the	  
phone’s	  camera”	  (Meyer,	  D.,	  2014).	  Linking	  printed	  electronics	  technology	  to	  a	  users	  
smartphone	   in	   this	   way	   would	   be	   of	   interest	   to	   designers	   as	   it	   increases	   the	  
involvement	   of	   the	   user	   with	   the	   product	   by	   providing	   them	  with	   a	   tangible	   and	  
smart	   object	   in	  which	   they	   can	   use	   to	   interact	  with	   the	   app	   on	   their	   device.	   This	  
offers	   a	   different	   and	   perhaps	   more	   interesting	   and	   engaging	   user	   experience	   in	  
comparison	  to	  simply	  scanning	  a	  QR	  code.	  	  
	  
	  
Figure	  190	  -­‐	  T+ink’s	  ‘Touchcode’	  system	  
(Meyer,	  D.,	  2014)	  
	  
	  
Similarly	  to	  this	  ‘touchcode’	  system	  (in	  that	  it	  is	  using	  conductive	  ink	  to	  communicate	  
to	  a	  mobile	  device),	   the	  company	  Novalia	  have	  created	  a	  smart	  brochure	   for	  a	  car	  
company	   (Audi	   TT),	   to	   create	   “an	  augmented	   journey	   through	   the	   virtual	   cockpit”.	  
The	   user	   loads	   the	   application	   on	   their	   smart	   phone	   and	   then	   places	   their	   smart	  
phone	  onto	   the	  brouchure	  page	   to	   connect.	   The	  user	   can	   then	   touch	  parts	   of	   the	  
smart	   brochure	   page	   to	   play	   different	   videos	   or	   show	   information	   on	   their	  
smartphone	   (Figure	   191).	   Conductive	   inks	   are	   used	   to	   create	   the	   ‘smart	   surface’	  
brochure	  pages,	   to	   create	   the	   touch	   sensors,	   these	   then	   connect	   to	  an	  embedded	  
Bluetooth	   chip	  which	   communicates	   the	   information	   to	   the	  users	   smart	  phone,	   to	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deliver	  a	  “seamless	  experience	  between	  the	  brochure	  and	  your	  phone”,	  the	  user	  can	  
also	  then	  choose	  to	  book	  a	  test	  drive	  in	  an	  Audi	  TT	  using	  the	  app.	  Novalia	  have	  also	  
produced	  interactive	  musical	  posters	  that	  connect	  to	  a	  user’s	  phone	  which	  work	  in	  a	  
similar	  way	  (Novalia,	  2016).	  This	  would	  be	  interesting	  for	  designers	  as	  they	  can	  also	  
consider	  how	  to	  engage	  with	  a	  customer	  or	  potential	   customer	   through	  a	  point	  of	  
sale	  (POS)	  or	  hand	  outs	  to	  enhance	  user	  experience.	  	  
	  
	  
Figure	  191	  -­‐	  Novalia’s	  Smart	  Brochure	  for	  the	  Audi	  TT	  
(Novalia,	  2016)	  
	  
	  
This	  technology	  of	  printing	  conductive	  ink	  onto	  card	  products	  has	  also	  been	  applied	  
to	  children’s	  toys	  with	  the	  ‘Disney	  Princess	  Sofia	  the	  First	  Magic	  Amulet’	  toy	  (Figure	  
192)	  where	  “Girls	  can	  learn	  all	  about	  being	  a	  princess	  with	  the	  Magical	  Talking	  Light-­‐
Up	   Amulet”.	   It	   is	   a	   child’s	   interactive	   necklace	   (amulet)	   which	   features	   the	  
character’s	  voice	  (Sofia),	  the	  child	  can	  choose	  from	  a	  range	  of	  ‘magic	  lesson’	  cards	  to	  
insert	   into	   the	  amulet	   to	   teach	  them	  about	  kindness,	  each	  of	   the	  cards	  activates	  a	  
‘lesson’	   sound	   clip	   (speaker	   in	   the	   amulet)	   in	   Sofia’s	   voice	   as	   the	   amulet	   ‘glows	  
softly’	   (Novalia,	   2016).	   Designers	   could	   learn	   from	   this	   example	   as	   combining	   an	  
existing	   character	   from	   a	   children’s	   show	   and	   the	   tangible	   interactions	   between	  
printed	  electronic	  cards	  and	  a	  wearable	  electronic	  product	  appear	  to	  be	  successful	  
when	   designing	   a	   printed	   electronics	   product	   for	   children.	   However,	   this	   principle	  
could	  also	  work	  in	  a	  range	  of	  different	  applications,	  not	  just	  for	  children,	  but	  in	  any	  
situation	   where	   the	   user	   could	   wear	   or	   own	   an	   electronic	   device	   and	   where	  
interactive	   cards	   may	   be	   an	   unusual,	   tangible	   interaction	   for	   the	   user	   with	   that	  
device.	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Figure	  192	  -­‐	  Novalia’s	  children’s	  toy	  -­‐	  Disney	  Princess	  Sofia	  the	  First	  Magic	  Amulet	  
(Novalia,	  2016)	  
	  
	  
A	  design	  student	  from	  Paris,	  Maxime	  Loiseau	  created	  a	  set	  of	  prototype	  headphones	  
that	   transmit	   sound	   through	  printed	  electronics	   (Dezeen	  Magazine,	   2015).	   Loiseau	  
created	  different	  types	  of	  headphones:	  without	  and	  with	  cables	  (Azzarello,	  N.,	  2015).	  
The	  set	  of	  headphones	  without	  a	  ‘cable’	  link	  to	  the	  user’s	  music	  device	  via	  Bluetooth	  
and	  adopt	  a	  printed	  lithium/ion	  battery	  and	  the	  printed	  photovoltaics	  electronic	  cell	  
technology	   is	   printed	   on	   the	   outside	   of	   the	   headphones,	   forming	   a	   pattern	   layer	  
overlaying	  the	  others	  (Figure	  193).	  	  
	  
	  
Figure	  193	  -­‐	  Loiseau’s	  Bluetooth	  Headphones	  using	  printed	  electronics	  
(Azzarello,	  N.,	  2015)	  
	  
	  
	   400	  
The	   designs	   with	   a	   ‘cable’	   also	   uses	   printed	   electronics	   instead	   of	   wires	   for	   the	  
headphones	  ‘cable’	  that	  runs	  from	  the	  headphones	  to	  the	  mini	  jack.	  One	  design	  has	  
only	   one-­‐side	   cable	   that	   powers	   each	   of	   the	   headphone’s	   speakers	   (Figure	   194),	  
another	  headphone	  design	  each	  earpiece	  is	  composed	  of	  only	  8	  simple	  parts	  (Figure	  
195),	  and	  on	  another	  design	  attention	  has	  been	  purposely	  drawn	  to	  the	  junction	  of	  
the	  flat	  cable,	  highlighted	  to	  reveal	  its	  thinness	  using	  printed	  electronics,	  and	  how	  an	  
earpiece	   can	   be	   engraved	   to	   emphasise	   the	   shape	   and	   create	   different	   shades	   of	  
black	  (Figure	  196).	  
	  
	  
Figure	  194	  -­‐	  Loiseau’s	  headphones	  design	  with	  only	  one-­‐side	  cable	  using	  printed	  
electronics	  that	  powers	  each	  of	  the	  speakers	  
(Azzarello,	  N.,	  2015)	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Figure	  195	  -­‐	  Loiseau’s	  headphones	  design,	  each	  earpiece	  is	  composed	  of	  8	  simple	  
parts,	  using	  printed	  electronics	  
(Azzarello,	  N.,	  2015)	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Figure	  196	  –	  Loiseau’s	  headphone	  detailing:	  (a)	  and	  (b)	  show	  the	  highlighted	  junction	  
of	  the	  flat	  cable,	  and	  (c)	  and	  (d)	  show	  an	  engraved	  earpiece.	  
(Azzarello,	  N.,	  2015)	  
	  
	  
Understanding	   the	  way	   a	   designer	   approaches	   a	   project	  with	   this	   new	   technology	  
through	  their	  own	  words	  is	  important	  for	  this	  research	  as	  it	  can	  provide	  insights	  into	  
how	  a	  designer	   interprets	   this	   technology	  and	  what	   they	  see	  as	   important	  aspects	  
when	   it	   comes	   to	   integrating	   it	   in	   their	   designs;	   Loiseau	   discussed	   his	   design	  
approach	  with	  printed	  electronics:	  	  
“Through	  an	  object,	  I	  challenge	  this	  new	  way	  of	  designing	  and	  producing	  an	  
object	   …	   I	   question	   the	   advantages	   and	   benefits	   of	   ‘roll	   to	   roll’	   production	  
techniques,	   and	   also	   explore	   how	   those	   techniques	   influences	   the	   formal	  
vocabulary	   of	   the	   object,	  made	   of	   thin	   strata	   and	   superposed	   layers	  …	   the	  
project	  doesn’t	  change	  the	  way	  we	  will	  use	  headphones	  …	  the	  purpose	  here	  is	  
to	  offer	  a	  reflection	  about	  producing	  electronic	  devices	  in	  a	  smarter	  way.	  The	  
more	  materials	  are	  advanced,	  the	  more	  they	  are	  paradoxically	  easy	  to	  work.	  
Through	   one	   production	   process,	   we	   can	   then	   using	   less	   process,	   less	  
material,	  energy	  and	  pieces.	  At	  the	  same	  time,	  I	  tried	  to	  use	  the	  possibilities	  
of	  the	  process	  to	  create	  an	  aesthetic	  result	  from	  it,	  a	  more	  fair	  product,	  with	  
no	  superfluous	  parts.”	  (Azzarello,	  N.,	  2015)	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Through	   learning	  about	   this	  printed	  electronics	   technology	  and	   the	  design	  process	  
with	   it,	  Loiseau	  conducted	  a	  wide	  variety	  of	   research	  or	  design	  exploration	  to	   fully	  
explore	   all	   the	   design	   possibilities	   with	   the	   technology	   (Figure	   197).	   This	   idea	   of	  
producing	   electronics	   in	   a	   ‘smarter	   way’	   is	   a	   very	   important	   point	   to	   be	  
communicated	   to	   designers	   as	   designing	   with	   this	   technology	   is	   not	   purely	   about	  
creating	   designs	   that	   look	   different	   in	   their	   form	   factor,	   but	   about	   using	   less	   raw	  
materials	  and	  energy	  in	  order	  to	  produce	  electronic	  products.	  	  
	  
	  
Figure	  197	  -­‐	  Loiseau’s	  research	  for	  earpiece,	  hoop,	  cable,	  and	  process	  
(Azzarello,	  N.,	  2015)	  
	  
	  
	  ‘TempTraq’	  (Figure	  198)	  created	  by	  Blue	  Spark	  Technologies	   is	  a	  wearable	  wireless	  
intelligent	   thermometer	   that	   can	   be	   worn	   by	   the	   child	   for	   24	   hours	   a	   day	   and	   it	  
continuously	   senses,	   records	   and	   sends	   alerts	   of	   the	   child’s	   temperature	   to	   the	  
parent’s	   mobile	   device	   through	   the	   dedicated	   mobile	   app	   via	   Bluetooth.	   It	   was	  
created	  using	  printed	  electronics	  to	  “ease	  the	  stress,	  worry	  and	  physical	  discomfort	  
of	   having	   to	   take	   a	   child’s	   temperature”	   as	   it	   provides	   hands-­‐free	   temperature	  
monitoring	  (Blue	  Spark	  Technologies,	  2015).	  	  It	  allows	  temperature	  monitoring	  from	  
the	   next	   room	   to	   allow	   the	   child	   to	   sleep,	   it	   allows	   temperature	  monitoring	   on	   a	  
smart	  device	  for	  up	  to	  24	  hours	  (each	  patch	   is	  a	  single	  use	  product),	   it	  notifies	  the	  
user’s	  smart	  device	  when	  the	  alter	  temperature	  has	  been	  reached,	  and	  it	  is	  possible	  
to	  monitor	  multiple	  children	  on	  the	  user’s	  smart	  device	  at	  the	  same	  time.	  TempTraq	  
is	   commercially	   available	   from	   their	   website	   for	   $19.99	   and	   their	   mobile	   app	   is	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available	   to	   download	   for	   a	   range	  of	  mobile	   device	   operating	   systems	   (TempTraq,	  
2015).	   TempTraq	  was	   also	   named	   a	   CES	   2016	   Innovation	   Awards	   Honoree	   in	   two	  
categories:	  Fitness,	  Sports	  and	  Biotech;	  and	  Wearable	  Technologies	   (Savastano,	  D.,	  
2016).	  By	  combining	  a	  conformable	  patch	  that	  is	  comfortable	  for	  the	  child	  to	  wear,	  
and	   an	   app	  on	   the	  parent’s	   smartphone,	   this	   product	   considers	   all	   users	   involved.	  
Designers	   can	   learn	   from	   this	   example	   with	   regards	   to	   the	   importance	   of	   always	  
keeping	  the	  users	  at	  the	  forefront	  of	  the	  design’s	  intention	  and	  purpose,	  particularly	  
in	  an	  area	  such	  as	  medical	  monitoring	  in	  order	  to	  ease	  the	  user’s	  stress	  levels	  during	  
the	  monitoring	  experience.	  
	  
	  
Figure	  198	  -­‐	  TempTraq	  wearable	  wireless	  child’s	  thermometer	  
(TempTraq,	  2015)	  
	  
	  
‘Mimo’	   by	   Rest	   Devices,	   Inc.	   (Rest	   Devices	   Inc.,	   2015)	   is	   a	   range	   of	   smart	   baby	  
monitoring	  devices	  with	  two	  main	  products	  that	  are	  machine	  washable,	  100%	  cotton	  
and	   can	   be	   put	   through	   a	   dryer	   on	   low	   heat:	   Mimo	   Smart	   Monitor,	   and	   Mimo	  
Movement	   Monitor.	   The	   Mimo	   Smart	   Monitor	   (Figure	   199)	   measures	   and	   sends	  
information	  about	  the	  baby’s	  sleep	  quality,	  sleep	  activity,	  respiration,	  body	  position,	  
and	  skin	  temperature	  via	  Bluetooth	  to	  the	  parent’s	  mobile	  device	  installed	  with	  the	  
Mimo	   app.	  When	   the	   parent	   is	   not	   looking	   at	   their	   app,	   the	   smart	  monitor	   sends	  
notifications	   of	   any	   changes	   in	   their	   baby’s	   activity	   including	   wake-­‐ups,	   irregular	  
breathing,	  and	  roll-­‐overs	  to	  the	  parent’s	  smart	  device.	  The	  smart	  monitor	  can	  also	  be	  
worn	   under	   additional	   sleepwear	   or	   can	   be	  worn	   on	   top	   of	   up	   to	   three	   layers	   of	  
cotton.	   Figure	   199	   shows	   the	   Mimo	   Smart	   Monitor	   (starter	   kit):	   (a)	   mobile	   app	  
indicates	  that	  the	  baby	  is	  ‘asleep	  on	  his	  back’,	  (b)	  ‘awake	  on	  his	  back’,	  and	  (c)	  shows	  
an	  example	  of	  what	  comes	  in	  the	  starter	  kit:	  3	  machine	  washable	  cotton	  kimonos,	  1	  
Turtle	   (low-­‐power	  Bluetooth	   sensor),	   1	   Lilypad	   (WiFi	   and	   charging	   base	   station),	   1	  
USB	  cord	  and	  wall	  adapter,	  1	  Audio	  cable	  (for	  programming).	  The	  Mimo	  Smart	  Baby	  
Monitor	   Starter	   Kit	   is	   commercially	   available	   from	   their	   website	   for	   $199.99,	   and	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three	  different	  sizes	  are	  available:	  0-­‐3	  months,	  3-­‐6	  months,	  and	  6-­‐12	  months	  (Rest	  
Devices	  Inc.,	  2015).	  
	  
	  
Figure	  199	  -­‐	  Mimo	  Smart	  Monitor	  (starter	  kit):	  (a)	  mobile	  app	  indicates	  that	  the	  baby	  
is	  ‘asleep	  on	  his	  back’,	  (b)	  ‘awake	  on	  his	  back’,	  and	  (c)	  the	  contents	  of	  the	  starter	  kit	  
(Rest	  Devices	  Inc.,	  2015)	  
	  
	  
The	  Mimo	  Movement	  Monitor	  is	  a	  smart	  sheet	  for	  the	  baby’s	  crib,	  it	  does	  not	  gather	  
the	   same	   level	  of	  detail	   as	   the	  Mimo	  Smart	  Monitor	  as	   it	   is	  not	  a	  kimono	  or	  body	  
suit,	  but	  instead	  it	  monitors	  movement	  and	  activity	  rather	  than	  real-­‐time	  respiration	  
and	  body	  position.	   It	  uses	  the	  same	  smart	  system	  as	  the	  Mimo	  Smart	  Monitor	  and	  
parents	  can	  see	  all	  their	  baby’s	  activity,	  movement,	  and	  wake/sleep	  information	  on	  
their	  mobile	   devices.	   The	  Mimo	  Movement	  Monitor	   is	   commercially	   available,	   but	  
sold	   exclusively	   at	   ‘Babies	   ‘R’	   Us’	   for	   $179.99,	   the	   crib	   sheet	   fits	   the	   US	   standard	  
mattress	  size	  (28	   inches	  x	  52	   inches)	  and	   is	  also	  machine	  washable	  and	  can	  be	  put	  
through	  a	  dryer	  on	  a	  low	  heat	  (Rest	  Devices	  Inc.,	  2015).	  
	  
	  
Figure	  200	  -­‐	  Mimo	  Smart	  Baby	  Movement	  Monitor	  
(Rest	  Devices	  Inc.,	  2015)	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These	  two	  products	  were	  made	  possible	  by	  the	  application	  of	  Engineered	  Materials	  
Systems,	  Inc.’s	  (EMS’s)	  award	  winning	  stretchable	  conductive	  ink	  that	  can	  withstand	  
90	  wash	  and	  dry	  cycles.	  Their	  ink	  won	  IDTechEx’s	  ‘Best	  Commercialization	  Award’	  at	  
Printed	  Electronics	  USA	  for	  its	  application	  in	  the	  successful	  commercial	  Mimo	  Smart	  
Baby	  products	   (IDTechEx,	   2016;	   Savastano,	  D.,	   2016;	  Nagase	  America	  Corporation,	  
2016).	   Rest	   Devices	   Inc.	   approached	   EMS	   with	   a	   need	   for	   “a	   soft,	   stretchable	  
conductive	  ink	  that	  was	  also	  very	  durable”	  in	  which	  EMS	  delivered	  a	  silver	  conductive	  
ink	  with	  adhesion	  to	  fabrics	  and	  that	  had	  superior	  durability,	  in	  combination	  with	  a	  
proprietary	   film	   and	   top	   coat	   (Nagase	   America	   Corporation,	   2016).	   The	   printed	  
electronics	   incorporated	   in	   the	   Mimo	   Smart	   Monitor	   device	   are	   in	   the	   cotton	  
machine	   washable	   komodo	   and	   bodysuits	   themselves	   (Figure	   199)	   as	   capacitive	  
sensors,	   this	   silver	   ink	   (under	   the	   green	   traces	   –)	   creates	   a	   capacitive	   field	   to	  
measure	  motion,	  such	  as	  breathing	  rate,	  heart	  rate,	  and	  temperature.	  The	  chip	  and	  
power	   supply	   (conventional	   electronic	   components)	   are	   housed	   within	   the	  
removable	   light	   green	   turtle	   shape	   and	   are	   easily	   removed	   and	   re-­‐integrated	   as	   it	  
attaches	  with	  magnets.	   It	  was	  also	  stated	  that	   it	  was	  not	  actually	  the	  ink	  itself	  that	  
failed	  after	  90	  wash	  and	  dry	  cycles,	  but	   it	  was	  something	  else	   in	  the	  komono	   itself	  
that	  failed,	  which	  illustrates	  the	  ink’s	  durability	  (IDTechEx,	  2016).	  This	  same	  printed	  
electronics	  technology	  is	  also	  present	  in	  the	  Mimo	  Movement	  Monitor	  (Figure	  200),	  
as	   is	   the	   conventional	   electronics	   chip	   and	   power	   supply	   (within	   the	   removable	  
turtle	  shape).	  In	  a	  design	  where	  conventional	  electronic	  components	  are	  needed	  for	  
example	  for	  either	  cost,	  performance,	  or	  existing	  supply	  chain	  reasons,	  this	   idea	  of	  
keeping	   the	   conventional	   and	   printed	   electronics	   separate	  means	   that	   the	   overall	  
product	   encompasses	   the	   best	   of	   both	   types	   of	   electronics.	   In	   this	   particular	   case	  
this	   separation	   was	   designed	   very	   well	   by	   making	   the	   turtle	   (conventional	  
electronics)	   removable,	   it	   also	  made	   best	   use	   of	   the	   conformable	   and	   stretchable	  
properties	   of	   this	   printed	   electronics	   ink,	   being	   extremely	   durable	   whilst	   creating	  
beautiful	  artwork	  out	  of	  the	  printed	  electronics	  ink	  which	  was	  created	  as	  part	  of	  the	  
product’s	   identity,	   and	   these	   are	   all	   important	   points	   for	   a	   designer	   to	   consider	  
when	  incorporating	  printed	  electronics	  into	  a	  product,	  when	  considering	  what	  type	  
of	  product	  they	  are	  creating,	  the	  product’s	  image	  or	  identity,	  and	  the	  users	  involved.	  	  
	  
The	   ‘Orion	  Lamp’	   (Figure	  201)	  a	   solar	   lamp	  prototype	  by	  ARMOR	  SAS	   received	   the	  
‘Best	   Product	   Development	   Award’	   from	   IDTechEx	   during	   Printed	   Electroncs	   USA	  
2015	  conference.	  It	   is	  an	  organic	  photovoltaic	  (OPV)	  module	  that	  is	  fully	   integrated	  
within	  the	  core	  of	  a	  lamp,	  which	  can	  be	  unrolled	  easily	  for	  charging	  the	  battery,	  and	  
then	  when	  charged,	  it	  can	  be	  manually	  rolled	  up	  within	  the	  lamp,	  it	  can	  deliver	  up	  to	  
8W	  peak	  power	  (Savastano,	  D.,	  2016).	  Another	  advantage	  of	  the	  solar	  lamp	  is	  that	  it	  
can	  provide	  lighting	  but	  also	  it	  can	  charge	  the	  users	  phone	  in	  the	  same	  day.	  It	  is	  also	  
easy	   to	   adjust	   the	   peak	   power	   to	   correspond	  with	   the	  weather	   conditions,	   so	   the	  
user	   can	   use	   only	   the	   amounts	   of	   power/light	   that	   they	   need	   (Das,	   R.,	   2015b).	  
ARMOR	   SAS	   with	   their	   ‘expertise	   in	   formulating,	   roll-­‐to-­‐roll	   enduction	   and	   the	  
transformation	   of	   ultra-­‐thin	   films’	   explain	   that	   their	   Orion	   lamp	  was	   part	   of	   their	  
‘The	  Beautiful	   Light	  project:	  To	  encourage	  access	   to	  solar	  power	   for	  all’	  where	   the	  
project	   seeks	   to	   “develop	   films	   and	   photovoltaic	   solutions	   able	   to	   transform	   any	  
surface	  that	  is	  exposed	  to	  any	  kind	  of	  light,	  into	  a	  power	  source,	  thanks	  to	  its	  carbon	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string	   based	   components”,	   they	   explain	   how	   the	   lamp	   “both	   provides	   light	   and	  
charges	  a	  smartphone,	  all	  with	  an	  endurance	  of	  three	  days	  without	  sunlight.	  The	  first	  
sales	  of	  photovoltaic	  films	  are	  planned	  from	  2016”	  (ARMOR	  group,	  2015).	  Designers	  
could	  benefit	  from	  being	  shown	  this	  type	  of	  products	  as	  it	  makes	  full	  use	  of	  the	  thin	  
and	  flexible	  properties	  of	  the	  printed	  electronics	  technology	  in	  a	  roll	  up	  format.	  The	  
idea	  of	  being	  able	  to	  roll	  up	  the	  photovoltaic	  module	  and	  store	  it	  inside	  could	  inspire	  
designers	  to	  create	  much	  more	  compact	  design	  solutions,	  whilst	  also	  considering	  the	  
user	   with	   how	   accessible	   this	   rolling	   element	   is,	   and	   what	   type	   of	   handles	   are	  
appropriate.	  An	  example	  such	  as	   this	  would	  also	  show	  designers	  how	  to	  make	   the	  
most	  out	  of	  this	  technology	  in	  its	  large	  surface	  area	  form.	  	  
	  
	  
Figure	  201	  -­‐	  Orion	  Lamp	  prototype	  by	  ARMOR	  SAS	  
(Das,	  R.,	  2015b;	  Savastano,	  D.,	  2015a)	  
	  
	  
The	   ‘LinnStrument’	   (Figure	   202)	   is	   a	   custom	   touch	   sensor	   designed	   by	   Roger	   Linn	  
Design,	  and	  fabricated	  by	  Tangio	  Printed	  Electronics.	  LinnStrument	  is	  an	  expressive,	  
polyphonic	   multi-­‐dimensional	   MIDI	   controller	   with	   multi-­‐touch	   technology	   that	  
captures	   three	  dimensions	  of	  each	  of	   the	  user’s	   finger’s	  movement	  polyphonically.	  
(ARMdevices.net,	  2016)	  
	  
The	  core	  technology	  is	  Tangio’s	  3D	  touch	  sensor	  which	  is	  a	  force-­‐sensing	  resistor:	  	  
“Force-­‐sensing	   resistors	   are	   an	   evolution	   of	   membrane	   switch	   technology,	  
based	   on	   the	   same	   user	   interface	   design	   principals	   and	  made	   using	   similar	  
manufacturing	   techniques.	   The	   force	   sensor	   is	   essentially	   an	   analog,	  multi-­‐
position	  switch,	  while	  the	  membrane	  switch	  is	  simply	  ON/OFF.	  What	  defines	  a	  
force-­‐sensing	   resistor	   is	   its	   unique	   characteristic	   of	   dynamic	   conductance	   /	  
resistance	  relative	  to	  the	  amount	  of	  pressure	  applied	  to	  the	  device.	  In	  general,	  
the	   more	   pressure	   applied	   to	   the	   surface	   of	   the	   sensor,	   the	   greater	   the	  
conductance	  /	  the	  lower	  the	  resistance.”	  (ARMdevices.net,	  2016)	  
	  
In	  this	  product,	  the	  variation	  in	  conductance	  allows	  for	  changing	  the	  pitch	  of	  a	  note.	  
The	   printed	   electronics	   technology	   within	   the	   ‘LinnStrument’	   product	   consists	   of	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layers	  of	  polyester,	  with	  conductive	  silver	  ink	  traces,	  and	  the	  force	  sensing	  ink.	  The	  
lights	  on	  the	  keys	  on	  the	  device	  are	  to	  reference/indicate	  where	  the	  musical	  notes	  
are	  for	  the	  player’s	  ease	  (ARMdevices.net,	  2016).	  This	  expressive	  MIDI	  controller	   is	  
presented	   as	   ‘A	   Revolutionary	   Expressive	   Musical	   Performance	   Controller’	   and	   it	  
captures	   the	  user’s	   subtle	   finger	  movements	   in	   three	  dimensions:	   1)	   Pressure	   and	  
Velocity	  in	  the	  ‘Z	  axis’	  which	  measures	  how	  much	  pressure	  the	  user	  is	  applying	  to	  the	  
key	  to	  alter	  how	  loud	  or	  quiet	  a	  note	  will	  be,	  2)	  Left/right	  ‘X	  axis’	  used	  to	  control	  the	  
note’s	  pitch,	  to	  bend	  a	  note	  up	  or	  down,	  and	  3)	  Forward/backward	  ‘Y	  axis’	  to	  provide	  
variations	   in	   timbre,	   for	   example	   to	   alter	   “the	   bow	   position	   of	   a	   violin	   or	   the	  
embouchure	  of	  a	  wind	  instrument”,	  but	   it	  can	  also	  be	  assigned	  to	  control	  any	  MIDI	  
parameter	  (Roger	  Linn	  Design,	  2016).	  Designers	  could	  learn	  from	  this	  example	  from	  
a	  technological	  perspective	  with	  learning	  about	  what	  force	  sensors	  can	  do	  and	  what	  
type	  of	  applications	  they	  can	  be	  incorporated	  into,	  but	  also	  how	  this	  technology	  can	  
appear	   to	  a	  user	  as	  being	  very	   sensitive	  and	  expressive,	  which	   is	   ideal	   for	  creating	  
music,	  but	  could	  be	  applied	  to	  many	  other	  types	  of	  products	  too.	  
	  
	  
Figure	  202	  –	  LinnStrument:	  (a)	  printed	  electronics	  technology	  inside	  product,	  (b)	  
altering	  the	  sound	  of	  a	  single	  musical	  note	  by	  moving	  finger	  differently,	  (c)	  
demonstration	  through	  playing	  the	  device,	  (d)	  close	  up	  on	  using	  the	  different	  keys.	  
(ARMdevices.net,	  2016;	  Roger	  Linn	  Design,	  2016)	  
	  
	  
Toshi	  Quides	  (VP,	  Operations	  for	  BeBop	  Sensors	  –	  the	  spin	  out	  company	  from	  ‘Keith	  
McMillen	   Instruments’	   company)	   discussed	   the	   Keith	   McMillen	   Instruments	  
company’s	   ‘QuNeo’	   music	   controller	   device	   (Figure	   203)	   and	   described	   the	  
technology	  as	  enabling	  the	  devices	  to	  have	  “three	  dimensional	   input	  which	  has	  any	  
amounts	   of	   programmable	   outputs”.	   Quides	   explains	   their	   technology	   at	   the	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IDTechEx	  Wearable	  USA	  event	  as	  being	  pressure	  sensitive	  fabric	  sensors	  made	  from	  
a	  multi-­‐layered	  stack	  of	   inks	  and	  mentioned	  that	  they	  are	  working	  with	  DuPont	  on	  
the	   inks,	  and	  they	  print	  directly	  onto	  the	   fabric.	  The	   fabric	   is	  deployed	   in	  a	  slightly	  
different	  way	  to	  that	  of	  BeBop	  Sensors’	  products,	  however	  it	  still	  has	  the	  same	  effect	  
(Charbax,	  2016).	  The	  ‘QuNeo’	  is	  commercially	  available	  for	  $249	  from	  their	  website	  
(Keith	   McMillen	   Instruments,	   2015).	   As	   these	   sensors	   are	   printed	   onto	   fabric,	   it	  
would	  also	  give	  a	  slightly	  different	   feel	   to	  the	  product,	  providing	  perhaps	  a	  slightly	  
softer	  or	   sponge-­‐like	   feel	  when	   the	  user	  presses	  or	  moves	   their	   fingers	  around	  on	  
the	  keys.	  This	  can	  also	  make	  a	  difference	  to	  how	  the	  user	  feels	  about	  a	  product	  and	  
designers	  could	  take	  this	   into	  consideration	  when	  designing	  products	  to	  potentially	  
enhance	   the	   product’s	   brand	   or	   identity,	   or	   features	   of	   the	   product	   to	   create	   a	  
different	  experience	  for	  the	  user.	  	  
	  
	  
Figure	  203	  -­‐	  ‘QuNeo’	  music	  controller	  device	  from	  Keith	  McMillen	  Instruments	  
company:	  (a)	  silicon	  mould	  shows	  the	  fabric	  being	  deployed	  in	  a	  slightly	  different	  
way	  to	  BeBop	  Sensors’	  products,	  but	  the	  effect	  is	  still	  the	  same,	  (b)	  finished	  ‘QuNeo’	  
product	  showing	  touch	  sensitive	  buttons	  on	  product,	  and	  on-­‐screen	  real-­‐time	  
feedback	  shows	  the	  force	  magnitude	  indicated	  by	  the	  red	  circle	  
(Charbax,	  2016)	  
	  
	  
VTT	  Technical	  Research	  Centre	  of	  Finland	  Ltd	  has	  created	  organic	  photovoltaic	  (OPV)	  
Leaves	  (Figure	  204),	  these	  are	  flexible	  and	  decorative	  solar	  panels	  that	  they	  first	  said	  
could	  become	  part	  of	  interior	  design,	  to	  use	  them	  on	  the	  surfaces	  of	  interior	  and	  the	  
exterior	   building	   spaces.	   The	   solar	   panel	   leaves	   are	   created	   through	   gravure	   and	  
screen	   printing	   technologies	   and	   are	   only	   approximately	   0.2mm	   thick,	   which	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includes	   the	   electrodes	   and	   polymer	   layers	   where	   the	   light	   is	   collected,	   they	   also	  
suggest	   that	   graphics	   can	   also	   be	   printed	   to	   improve	   its	   visual	   appearance	   (VTT,	  
2015a).	  VTT	  have	  since	  developed	  these	  OPV	  leaves	  into	  an	  ‘energy-­‐harvesting	  tree’	  
prototype,	   where	   the	   tree	   trunk	   is	   made	   through	   3D	   printing	   wood-­‐based	  
biomaterials	   that	   VTT	   has	   developed.	   The	   energy-­‐	   or	   electricity-­‐harvesting	   tree	  
works	   indoors	   and	   outdoors,	   and	   stores	   the	   solar	   energy	   from	   its	   surroundings,	  
stores	  it,	  and	  turns	  it	  into	  electricity	  to	  power	  small	  devices,	  such	  as	  humidifiers,	  LED	  
light	   bulbs,	   mobile	   phones,	   and	   thermometers	   or	   other	   sensors	   analysing	   the	  
environment	   (VTT,	   2015b).	   This	   product	   example	   would	   be	   of	   interest	   and	   an	  
inspiration	   to	   designers	   as	   it	   shows	   that	   it	   is	   possible	   to	   incorporate	   functional	  
printed	   elements,	   graphic	   printed	   designs,	   and	   3D	  printing	   all	  within	   the	   a	   unique	  
and	  decorative	  product.	  	  
	  
	  
Figure	  204	  -­‐	  VTT’s	  organic	  photovoltaic	  (OPV)	  leaves	  and	  electricity	  harvesting	  tree:	  
(a)	  OPV	  leaves	  produced	  via	  roll-­‐to-­‐roll	  manufacture,	  (b)	  tree	  trunk	  made	  from	  3D	  
printed	  biocomposites,	  (c)	  fully	  assembled	  -­‐	  electricity	  harvesting	  tree,	  (d)	  printed	  
organic	  solar	  cells	  –	  leaf	  top	  side,	  (e)	  leaf	  under	  side.	  
(VTT,	  2015a;	  VTTFinland,	  2015)	  
	  
	  
Kent	  Displays’	  ‘Boogie	  Board’	  eWriters	  have	  a	  pressure	  sensitive	  LCD	  writing	  surface	  
that	   allows	   users	   to	  write	   or	   draw	  memos	   that	   they	   can	   store	   or	   transmit,	   and	   in	  
2014	  the	  company	  reported	  that	  they	  had	  sold	  out	  in	  their	  first	  year	  of	  production,	  
	   411	  
and	  as	  a	  result	  of	  this	  success,	  Kent	  Displays	  during	  the	  Printed	  Electronics	  USA	  2014	  
show	   received	   the	   ‘Best	   Commercialization	   Award’	   from	   IDTechEx	   (Savastano,	   D.,	  
2014).	   ‘Boogie	   Board’	   (Figure	   205)	   was	   demonstrated	   at	   Printed	   Electronics	   USA	  
2015	  (Savastano,	  D.,	  2015a)	  and	  at	  CES	  2016	  where	  they	  launched	  their	   latest	  ‘kid-­‐
friendly	   products’	   which	   featured	   ‘Clearview’	   (allowing	   the	   child	   to	   draw	   and	   see	  
through	  to	  the	  surface	  underneath)	  and	  ‘Scribble	  n’	  Play	  featuring	  Colorburst’	  (a	  dark	  
background	   that	   reveals	  a	   rainbow	  of	  colours	  when	  drawing	  on	   the	  surface).	  Their	  
pen	  on	  paper	  writing	  experience	  ‘eWriters’	  LCD	  displays	  are	  created	  using	  roll-­‐to-­‐roll	  
manufacturing,	  and	  these	  new	  eWriters	  aim	  to	  add	  “additional	   functionality	  that	   is	  
designed	   to	   inspire	   creativity	   and	   offer	   new	   ways	   to	   make	   drawing	   and	   writing	  
engaging”	   in	   order	   to	   appeal	   to	   children	   (Boogie	   Board,	   2016).	   Designers	   could	  
optimise	   these	   LCD	   displays	   in	   their	   designs	   through	   a	   wide	   range	   of	   drawing	  
products	   as	   they	  have	  a	   lot	  of	  potential	   to	  be	  a	   really	   interesting	   feature	   to	  many	  
products.	  	  
	  
	  
Figure	  205	  -­‐	  ‘Boogie	  Board’	  by	  Kent	  Displays	  
(Savastano,	  D.,	  2015a;	  Boogie	  Board,	  2016)	  
	  
	  
Ynvisible	   also	   discuss	   how	   their	   electrochromic	   displays	   (which	   are	   printable	   on	  
paper	  or	  plastic)	  (Figure	  206)	  can	  bring	  life	  and	  functionality	  to	  smart	  products	  when	  
combined	   with	   various	   sensors,	   such	   as:	   touch,	   movement,	   proximity,	   or	  
temperature	  (Figure	  207).	  They	  say	  that	  their	  displays	  “use	  almost	  no	  power”,	  do	  not	  
require	   battery	   replacement	   or	   recharging,	   and	   describe	   them	   as	   microscopically	  
thin,	  transparent,	  ultra	  low	  weight,	  flexible,	  yet	  robust.	  They	  also	  say	  that	  one	  of	  the	  
main	  advantages	  of	   the	  developments	   in	   this	  printed	  electronics	   technology	   is	   the	  
“widely	   expanded	   range	   of	   tools	   and	   possibilities	   for	   low	   power	   consuming	   IoT	  
[Internet	   of	   Things]	   product	   design”;	   as	   well	   as	   it	   having	   more	   environmentally	  
friendly	  materials,	  and	  in	  comparison	  to	  conventional	  electronics	  it	  has	  the	  ability	  to	  
“establish	   high	   volume	   production	   with	   low	   capital	   expenses”	   (Ynvisible,	   2016).	  
Electrochromic	  displays	  offer	  a	  great	  alternative	  type	  of	  display	  for	  designers	  to	  use	  
in	   products,	   however,	   these	   type	   of	   displays	   can	   be	   quite	   subtle,	   often	   needing	   a	  
white	   background	   in	   order	   to	   clearly	   see	   them,	   so	   the	   designer	   would	   have	   to	  
consider	  this	  when	  applying	  them	  in	  their	  designs.	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Figure	  206	  -­‐	  Ynvisible	  electrochromic	  display	  structure	  and	  printed	  onto	  a	  
transparent	  plastic	  substrate	  
(Ynvisible,	  2016)	  
	  
	  
	  
	  
Figure	  207	  -­‐	  Ynvisible	  display	  example	  applications:	  (a)	  Touch	  sensor	  triggers	  
electrochromic	  display,	  light,	  and	  counter	  system/numerical	  display,	  (b)	  ‘Emotional	  
moisture	  sensor’	  droplet	  face	  ‘smiles’	  when	  water	  is	  applied,	  (c)	  Boarding	  pass	  
displays	  cost	  when	  pressed,	  (d)	  Indicates	  when	  a	  device	  is	  ‘on’	  when	  pressed.	  
(Ynvisible,	  2016)	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Printed	   electronics	   has	   also	   made	   its	   way	   into	   the	   skin	   beauty	   sector	   through	  
disposable	   ‘micro	   current	   anti-­‐wrinkle	   patches’.	   Biobliss’	   disposable	   anti-­‐wrinkle	  
patches	   (Figure	   208)	   operates	   using	   a	   micro-­‐current	   process	   to	   gently	   push	  
dermatologist-­‐approved	   anti-­‐wrinkle	   ingredients	   into	   the	   surface	   of	   the	   skin,	   this	  
allows	  for	  a	  much	  more	  rapid	  diffusion	  of	  the	  ingredients	  into	  the	  skin	  in	  comparison	  
to	  standard	  creams,	  and	  reduces	  the	  time	  to	  see	  results	  “from	  weeks	  or	  months	  to	  
just	   30	   minutes”.	   It	   is	   made	   possible	   through	   using	   Blue	   Spark’s	   printed	   battery	  
produced	   through	   roll-­‐to-­‐roll	   screen	   printing	   process	   (Blue	   Spark	   Technologies,	  
2014),	   Biobliss’	   materials	   are	   also	   produced	   through	   roll-­‐to-­‐roll	   screen	   printing	  
(Savastano,	  D.,	  2014).	  
	  
Iontera	   first	   contacted	   Blue	   Spark	   in	   2012	   with	   their	   Biobliss	   patch	   during	   its	  
development	   phase,	   and	   it	   has	   resulted	   in	   commercial	   success.	   Biobliss	   was	  
launched	  originally	  in	  professional	  salons	  and	  spas,	  but	  was	  since	  picked	  up	  by	  high	  
end	  US	  retailers,	  and	  in	  2014	  their	  forehead	  product	  “debuted	  to	  critical	  success”	  on	  
a	   TV	   shopping	   outlet.	   Iontera	   and	   Blue	   Spark	   were	   awarded	   ‘the	   best	  
commercialization	  award	   in	  printed	  electronics’	  at	  the	   IDTechEx	  Printed	  Electronics	  
Europe	  2014	  show.	  On	  Blue	  Spark’s	  website	  they	  state	  how	  “The	  Biobliss	  product	  is	  a	  
clear	  example	  of	  success,	  marrying	  printed	  electronics	  with	  a	  value	  proposition	  that	  
consumers	  are	  willing	  to	  pay	  for”	  (Blue	  Spark	  Technologies,	  2014).	  The	  anti-­‐wrinkle	  
patches	   are	   commercially	   available	   and	   can	  be	   found	   through	  on	   amazon	   through	  
their	  online	  shop	   ‘BIOBLISS’	  under	  beauty:	   their	  “Biobliss	  Anti-­‐Wrinkle	  Recovery	  Kit	  
for	  Eyes	  -­‐	  4	  count”	  (4	  treatments)	  costs	  $80.00,	  and	  their	  “BioBliss	  Micro	  Current	  Anti	  
Wrinkle	   Patches	   for	   Forehead	   4	   pc”	   (4	   treatments)	   costs	   $76.00	   (BIOBLISS,	   2016).	  
The	  Biobliss	   anti-­‐wrinkle	  patches	  also	  made	  an	  appearance	   recently	   at	   the	  Printed	  
Electronics	  USA	  2015	  show	  (Savastano,	  D.,	  2015a).	  This	  example	  demonstrates	  how	  
two	   simple	   printed	   electronic	   elements	   together	   can	   create	   a	   very	   successful	  
product,	  and	  for	  designers,	  their	  task	  would	  be	  focusing	  on	  how	  to	  add	  ‘value’	  to	  a	  
product.	   This	   would	   be	   found	   by	   designers	   through	   the	  market	   research	   but	   also	  
exploring	  different	  design	  solutions	  to	  the	  design	  problem	  to	  best	  achieve	  what	  the	  
customer	  wants	  from	  the	  designed	  product.	  If	  the	  designer	  can	  succeed	  in	  this,	  then	  
the	  product	  is	  likely	  to	  be	  successful.	  However,	  in	  this	  particular	  example,	  it	  does	  not	  
appear	   that	   any	   designers	   were	   involved,	   as	   this	   product	   is	   more	   about	   the	  
performance	  of	  the	  thin	  functional	  printed	  elements	  that	  are	  applied	  onto	  the	  skin	  
than	  about	  design.	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Figure	  208	  -­‐	  Biobliss	  Anti-­‐wrinkle	  Patches	  by	  Iontera	  and	  Blue	  Spark	  
(Blue	  Spark	  Technologies,	  2014)	  
	  
	  
VTT	  have	  also	   released	   their	  disposable	   ‘beauty	  patch’	   (Figure	  209)	   in	  2015	   that	   it	  
generates	   its	   power	   from	   sugar	   and	   air	   with	   the	   help	   of	   enzymes,	   and	   the	  
development	  of	  the	  device	  brought	  together:	  fuel	  cell	  research,	  enzyme	  technology,	  
and	  printed	   intelligence.	   In	   the	  beauty	  patch	  development	  work,	   it	  was	   found	  that	  
“skin	  permeability	  can	  be	  altered	  with	  the	  help	  of	  microampere	  current	  to	  enhance	  
the	   absorption	   of	   skin	   care	   products	   into	   the	   skin”;	   the	   beauty	   patch	   uses	  
microampere	   current	   to	   enhance	   skin	   care	   product	   absorption	   into	   the	   skin,	   this	  
offers	   future	   consumers:	   “an	   opportunity	   to	   perform	   galvanic	   skin	   treatments	   at	  
home”	  in	  which	  VTT	  say	  that	  at	  the	  moment,	  this	  can	  only	  be	  done	  by	  using	  special	  
devices	  by	  beauticians.	  Printing	  technology	  is	  used	  to	  efficiently	  attach	  the	  enzymes	  
and	  electrodes	  required	  by	  the	  power	  source.	  VTT	  say	  that	  in	  addition	  to	  cosmetics,	  
the	   same	   product	   and	   manufacturing	   method	   could	   be	   adapted	   to	   herbal	   and	  
medicinal	  products.	  Anu	  Vaari,	  a	  Senior	  Scientist	  at	  VTT	  states	  that	  “The	  product	  has	  
already	  attracted	   interest	   in	   the	  cosmetics	   industry.	  We	  have	  now	  advanced	  to	   the	  
commercialisation	   phase,	   during	  which	  we	   shall	  make	   efforts	   to	   expedite	   the	   new	  
solution's	  entry	   into	  the	  market”	   (VTT,	  2015c).	  One	  of	  VTT’s	  researchers	  tested	  the	  
beauty	  patch	  on	  herself	  and	  studied	   its	  effects	  on	   the	  skin	  using	  a	  unique	   imaging	  
technology	   based	   on	   optical	   imaging	   of	   live	   tissue.	   Using	   the	   beauty	   patch	  with	   a	  
commercial	  serum	  containing	  skin	  growth	  factor	   led	  to	  a	  “90%	  increase	   in	  collagen	  
fibres,	  which	  help	  to	  keep	  the	  skin	  supple,	  after	  the	  two-­‐week	  test.	  The	  same	  serum	  
was	   used	   on	   a	   control	   skin	   area,	   where	   measurements	   revealed	   no	   increase	   in	  
collagen	   fibres”	   (VTT,	   2015d).	   This	   is	   another	   interesting	   example	   for	   designers	   to	  
see,	  particularly	  as	  it	  can	  generate	  its	  power	  from	  air	  and	  sugar	  using	  enzymes,	  this	  is	  
a	  fairly	  small	  product,	  but	  as	  printed	  electronics	  is	  easily	  scalable,	  designers	  can	  think	  
about	  product	  and	  areas	  of	  design	  that	  this	  technology	  could	  be	  applied	  in,	  and	  who	  
or	  what	  it	  could	  benefit.	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Figure	  209	  -­‐	  VTT	  Beauty	  Patch	  
(VTT,	  2015d)	  
	  
	  
The	  company	  ‘Feeligreen’	  (Feeligreen,	  2016)	  have	  used	  printed	  electronics,	  gold	  and	  
zinc	  oxide	  (Savastano,	  D.,	  2015d)	  to	  create	  electronically	  controlled	  (micro-­‐current)	  
patches	  (Figure	  210)	  that	  are	  designed	  to	  “actively	  diffuse	  drugs	  through	  the	  skin	  in	  
an	   ionized	   form”	   to	   bring	   printed	   electronics	   to	   the	   cosmetic	   and	   medical	   fields.	  
Their	   first	  product	   is	   the	   ‘Feeligold	  anti-­‐wrinkle	  patch’,	  Christophe	  Bianchi	   founded	  
the	  company	   in	  2012	  with	   the	   intent	   to	  apply	  microelectronics	  and	  semiconductor	  
innovations	   to	   the	   dermo-­‐pharma,	   dermo-­‐cosmetic,	   and	   dermo-­‐medical	   market	  
segments.	   Bianchi	   says	   that	   they	   are	   already	   working	   with	   pharmaceutical	  
companies,	   who	   are	   their	   main	   customers,	   and	   these	   companies	   are	   “already	  
formulating	   numerous	   drugs	   for	   use	   in	   patches”,	   from	   Feeligreen’s	   perspective,	  
Bianchi	   explains:	   “We	  would	   sell	   them	   the	   flexible	   printed	   layout	   and	   the	   reusable	  
active	  electronic	  unit	  to	  speed	  up	  the	  drug	  absorption”	  (Savastano,	  D.,	  2015e).	  This	  is	  
a	  great	  example	  to	  show	  designers	  about	  how	  to	  use	  both	  printed	  electronics	   (the	  
patch)	  and	  conventional	  electronics	  (the	  active	  electronic	  unit)	  within	  a	  product,	  and	  
how	  to	  make	  elements	  of	  a	  product	  reusable.	  
	  
	  
	  
	  
	  
	   416	  
	  
Figure	  210	  -­‐	  Feeligreen’s	  ‘Feeligold	  Anti-­‐Wrinkle	  Patch’:	  (a)	  anti-­‐wrinkle	  patch	  with	  
reusable	  active	  electronic	  unit	  attached	  on	  top	  of	  the	  printed	  electronics,	  (b)	  printed	  
patch,	  and	  (c)	  micro-­‐current	  patches	  using	  printed	  electronics,	  gold	  and	  zinc	  oxide	  
(Savastano,	  D.,	  2015d)	  
	  
	  
As	   the	   printed	   part	   of	   the	   patch	   can	   take	   any	   shape	   it	   means	   that	   this	   could	   be	  
designed	  to	  wrap	  around	  larger	  areas	  of	  the	  body,	  which	  may	  have	  innovative	  uses	  
in	   a	   range	   of	   fields,	   such	   as	   “sportswear	   to	   alleviated	   tendinitis	   or	   designed	   as	  
“shapewear”	  for	  cellulitis	  treatment	  and	  thinning”.	  The	  electronic	  unit	  is	  explained	  in	  
further	  detail:	  “The	  electronic	  unit	  monitors	  continuously	  the	  local	  skin	  temperature	  
and	  skin	  resistivity	  as	  well	  as	  other	  biometrics	  in	  order	  to	  securely	  dispense	  the	  right	  
amount	  of	  current	  for	  optimum	  drug	  delivery”.	  Bianchi	  believes	  that	  their	  technology	  
is	   so	   effective,	   that	   it	   could	   replace	  needles	   in	   the	   case	  of	   vaccines,	   as	   it	   is	   “more	  
cost-­‐effective	  and	  safer	  as	  you	  reduce	  the	  risks	  of	   infection”	  (Savastano,	  D.,	  2015e).	  
This	  ‘dermo’	  patch	  also	  won	  the	  ‘WT	  [Wearable	  Technologies]	  Innovation	  World	  Cup	  
2014/15’	   in	   the	   ‘Healthcare	   and	  Wellness’	   category	   (Innovation	  World	   Cup	   Series,	  
2015).	   So	   not	   only	   is	   this	   a	   good	   example	   to	   show	   designers	   about	   how	   this	  
technology	  can	  be	  scaled	  up,	  but	  also	  this	  has	  the	  potential	  to	  solve	  other	  problems,	  
such	  as	   individuals	  who	  are	  afraid	  of	  needles	  and	   injections,	   this	   technology	   could	  
mean	  that	  individuals	  do	  not	  need	  to	  be	  injected,	  they	  could	  simply	  stick	  on,	  or	  wrap	  
a	  patch	  around	  them	  that	  delivers	  the	  vaccines	  they	  need.	  	  
	  
Printed	  electronics	  has	  also	  been	  used	  to	  optimise	  existing	  electronic	  products,	  CPI	  
and	   UK	   design	   studio	   Cohda	   worked	   together	   to	   integrate	   printed	   electronics	   in	  
Cohda’s	   ‘Crypsis	   Lighting’	   product	   and	   to	   develop	   it	   from	   a	   prototype	   to	   full	  
commercial	  manufacture.	  Crypsis	  Lighting	  (Figure	  211)	  are	  wireless	  ultra-­‐bright	  LEDs	  
within	  a	   transparent	  glass	  panel	   that	  can	  be	  dimmed	  and	  repositioned	  by	  using	  an	  
external	   magnetic	   control	   puck.	   Prior	   to	   engaging	   with	   CPI,	   during	   research	   and	  
development	  Cohda	  encountered	  problems	  when	  using	  silicon	  based	  electronics	  for	  
the	  control	  puck	  in	  their	  Crypsis	  Lighting	  product,	  such	  as	  electrical	  arcing	  between	  
the	   electronics	   within	   the	   puck	   and	   the	   pyrolytic	   glass,	   and	   the	   control	   puck	  
scratching	   the	   display	   glass.	   The	   printed	   electronics’	   flexible	   and	   conformable	  
properties	  enhanced	  the	  design	  of	  the	  puck	  device,	  through	  enabling	  the	  “electronics	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to	   conform	   to	   the	   surface	   contact	   of	   the	   glass”	   which	   resulted	   in	   an	   increase	   in	  
conductivity	   levels,	  and	  the	  elimination	  of	  electrical	  arcing	  and	  scratching.	  Applying	  
printed	  electronics	  to	  Crypsis	  Lighting	  has	  opened	  up	  a	  diverse	  range	  of	  markets	  such	  
as	   exhibition	   design,	   interior	   design,	   museum,	   architecture	   and	   contemporary	  
lighting.	   In	  the	  publication,	  printed	  electronics	  was	  discussed	   in	  relation	  to	  product	  
designers:	  “The	  integration	  of	  flexible	  form	  factors	  increases	  the	  freedom	  for	  product	  
designers	   to	   embed	   technology	   and	   functionality	   into	   their	   designs,	   creating	   the	  
opportunity	   for	  new,	   innovative	  components	   that	  are	  wireless,	   smarter,	   interactive,	  
conformable,	  thinner,	  lightweight,	  rugged	  and	  are	  able	  to	  blend	  into	  our	  surrounding	  
environment”	   (Catapult	   High	   Value	   Manufacturing,	   2014).	   This	   product	  
demonstrates	   how	   designers	   can	   improve	   existing	   products	   that	   use	   conventional	  
electronics	  by	  replacing	  some	  elements	  with	  printed	  electronics;	  this	  is	  beneficial	  to	  
the	  product	  due	  to	  their	  flexible	  and	  thin	  characteristics.	  
	  
	  
	  
Figure	  211	  -­‐	  Crypsis	  Lighting:	  (a)	  light	  unit	  close	  up	  with	  control	  puck	  attached,	  (b)	  
moving	  lights	  using	  magnetic	  control	  puck,	  (c)	  lights	  applied	  in	  a	  clock	  shelving	  
display	  unit	  
(Catapult	  High	  Value	  Manufacturing,	  2014)	  
	  
	  
Within	   printed	   electronics,	   the	   printed	   NFC	   (Near	   Field	   Communication)	   sector	  
appears	  to	  already	  have	  been	  successful;	  Jennifer	  Ernst,	  Thin	  Film	  Electronics’	  chief	  
strategy	   officer	   said	   that	   there	   has	   been	   a	   very	   positive	   response	   to	   their	   NFC	  
‘OpenSense’	  system,	  from:	  “many	  leading	  global	  brands	  -­‐	  across	  a	  range	  of	  verticals	  
including	  wine	  and	   spirits,	   pharmaceuticals,	   cosmetics,	   health	   and	  beauty,	   tobacco	  
and	  consumer	  packaged	  goods”	   (Savastano,	  D.,	  2015b).	  On	  Thinfilm’s	  website	  they	  
say	   that	   their	   NFC	   solutions	   are	   optimised	   for	   ‘high-­‐volume	   brands’,	   and	   describe	  
how	  their	  NFC	  OpenSense	  systems	  can	  be	  used	  in	  two	  main	  areas:	  1)	  Marketing	  -­‐	  to	  
engage	   users	   pre-­‐	   and	   post-­‐	   purchase	   via	   their	   mobile	   phone,	   and	   2)	   Product	  
Authentication	  -­‐	  through	  smart	  tags	  that	  know	  when	  a	  product	   is	   factory-­‐sealed	  or	  
opened	  (Figure	  212).	  They	  say	  that	  their	  printed	  electronics	  technology	  can	  be	  used	  
in	  the	  following	  areas:	  wine	  and	  spirits,	  cosmetics,	  health	  and	  wellness,	  fast-­‐moving	  
consumer	   goods,	   fashion	   retail,	   and	   security	   printing	   (Thinfilm,	   2016).	   This	  
technology	   enables	   designers	   to	   think	   about	   a	   variety	   of	   elements	   of	   a	   product	  
through	   the	   user	   experience,	   so	   even	   though	   this	   technology	   is	   being	   used	   for	  
marketing	   and	   security	   seals,	   it	   still	   requires	   the	   user’s	   smartphone	   to	   read	   and	  
interact	   with	   the	   NFC	   product	   label.	   Designers	   can	   consider	   different	   points	   of	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incorporating	   these	   labels	   into	   products,	   such	   as:	   how	   easy	   it	   is	   for	   the	   user	   to	  
recognise	  the	  label	  on	  the	  product,	  how	  clear	  the	  instructions	  are	  to	  the	  user,	  how	  
intuitive	   the	   interaction	   is,	   and	   how	   it	   will	   benefit	   the	   user	   (informative,	  
inspirational,	  etc.).	  
	  
	  
Figure	  212	  -­‐	  NFC	  OpenSense	  by	  Thin	  Film	  Electronics:	  (a)	  used	  for	  marketing,	  (b)	  used	  
for	  product	  authentication	  
(Thinfilm,	  2016)	  
	  
	  
Savastano	   discusses	   how	   new	   products	   are	   driving	   growth	   in	   flexible	   and	   printed	  
electronics	  and	  that	  “In	  2015,	  the	  flexible	  and	  printed	  electronics	  industry	  saw	  more	  
new	  products	  either	  reaching	  or	  closing	  in	  on	  commercialization	  …	  As	  more	  products	  
reach	   commercialization,	   more	   companies	   are	   looking	   at	   ways	   to	   utilize	   these	  
technologies”	  (Savastano,	  D.,	  2015b).	  
	  
The	   company	   ‘PragmatIC	   Printing’	   has	   worked	   with	   ‘Cartamundi’	   who	   are	   the	  
world’s	   largest	   playing	   card	   and	   games	  manufacturer	   to	   incorporate	   their	   printed	  
RFID	   tags	   technology	   into	   their	   playing	   cards	   (Figure	   213),	   and	  worked	  with	   IMEC	  
and	  Holst	  Centre	  as	  technology/design	  partners	  in	  the	  three-­‐year	  collaboration	  ‘PING	  
project’	  (Savastano,	  D.,	  2015b;	  Cartamundi,	  2016).	  PragmatIC	  Printing	  describe	  how	  
their	   printed	   electronics	   technology	   can	   be	   used	   in	   toys	   and	   games	   to	   provide	  
“electronic	   interactivity	   in	  novel	   forms	  to	  engage	   in	  natural	  ways	  with	  children	  and	  
families”	   and	   say	   that	   it	   blends	   the	   “the	   benefits	   of	   electronic	   game-­‐play	  with	   the	  
tangible	  and	  tactile	  world	  of	  physical	  objects”.	  They	  describe	  three	  different	  areas	  of	  
toys	   and	   games	  with	   their	   technology:	   interactive	   toys,	   board	   games,	   and	   playing	  
cards	  (PragmatIC,	  2015).	  PragmatIC	  describe	  them	  in	  relation	  to	  their	  electronics	  as	  
follows:	  
	  
• “INTERACTIVE	   TOYS:	   Support	   conformal	   electronics	   on	   curved	   surfaces	   and	  
provide	  robust	  durability	  against	  physical	  shocks	  and	  other	  rough	  handling.	  
• BOARD	  GAMES:	  Distribute	  electronics	  cost-­‐effectively	  across	  the	  game	  board,	  
allowing	   interaction	   with	   moving	   game	   pieces	   and	   dynamic	   updating	   of	  
playing	  rules	  during	  the	  game.	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• PLAYING	  CARDS:	  Embed	  ultra-­‐thin	  and	  flexible	  electronics	  within	  each	  card	  to	  
support	   contactless	   identification	   (e.g.	   for	   game	   cards),	   enable	   interaction	  
with	   smartphones	   (e.g.	   for	   collectible/trading	   cards),	   and	   enhance	   security	  
and	  traceability	  (e.g.	  for	  casinos).”	  (PragmatIC,	  2015)	  
	  
Cartamundi,	   Imec,	   and	   Holst	   Centre	   won	   the	   ‘Best	   Product’	   award	   at	   Printed	  
Electronics	   Europe	   for	   their	   “ultra-­‐thin	   plastic	   RFID	   technology	   integrated	   into	  
Cartamundi’s	  playing	  cards”,	  on	  Cartamundi’s	  website	  they	  also	  state	  that	  the	  next	  
steps	   for	   the	   engineers	   at	   Cartamundi	   and	   Imec	   are	   to	   “explore	   up-­‐scaling	   of	   the	  
technology	  using	  a	  foundry	  production	  model”	  (Cartamundi,	  2016).	  This	  interactivity	  
with	   the	   board	   games	   etc.	   by	   engaging	   in	   ‘natural’	  ways	   by	   using	   tangible	   objects	  
proves	   to	   be	   a	   successful	   approach	   to	   get	   users	   of	   all	   ages	   involved	   with	   the	  
technology	   in	   a	   way	   that	   they	   can	   easily	   understand	   and	   relate	   to,	   and	   most	  
importantly	   it	   enhances	   or	   improves	   the	   user’s	   experience	   with	   that	   product.	  
Designers	   need	   to	   consider	   exactly	   how	   this	   technology	   can	   be	   incorporated,	   and	  
how	  it	  can	  improve	  the	  users	  experience	  whilst	  complementing	  the	  product.	  
	  
	  
Figure	  213	  -­‐	  Printed	  RFID	  tags	  in	  playing	  cards	  
(Savastano,	  D.,	  2015b)	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Appendix	  2:	  Table	  of	  Project	  Structure	  (in	  
phases)	   and	   application	   of	   pedagogical	  
matrix	   –	   from	   Fraher	   and	   Martinson’s	  
work	  
	  
Phase	  
Number	  
Phase	   Name	   and	   Phase	  
Purpose/Definition	  
Application	   of	   Pedagogical	   Matrix	   –	   showing	  
educational	  objectives	  of	  phases	  
1	   Group	  Contract	  	  
Students	   self-­‐select	   into	   groups	   of	  
four	  to	  create	  group	  contracts	  
	  
2	   Design	  Brief	  	  
Industry	   partner	   gives	   a	  
presentation,	   delivering	   a	  
professional	   design	   brief;	   followed	  
by	  a	  questions	  and	  answers	  period	  
for	   students	   to	   interact	   with	   the	  
industry	  partner.	  
	  
3	   Persona	  
Students	   are	   exposed	   to	   a	   core	  
process	   model.	   Students	   in	   their	  
groups	   conduct	   an	   audience	  
analysis,	   and	   create	   fictional	  
identities	  (personas)	  that	  represent	  
the	   target	   audience.	   The	   purpose	  
of	   this	   phase	   is	   to	   establish	   a	  
shared	   understanding	   between	  
group	  members.	   The	   personas	   are	  
used	   throughout	   the	   project	   to	  
guide	  design	  decisions.	  
	  
	  
4	   Wireframes	  
To	  develop	  a	  website	  structure,	  by	  
auditing	   existing	   content	   and	  
formulating	   an	   improved	  
organisation	  of	  that	  content.	  
	  
5	   Paper	  Prototyping	  
The	   students	   test	   their	   wireframe	  
interfaces	   by	   creating	   paper	  
sketches	   of	   them,	   and	   then	   have	  
them	  reviewed	  by	  their	  peers.	  	  
	  
6	   Initial	  Presentation	  
Each	  student	  group	  presents	  to	  the	  
industry	   partner,	   the	   instructor,	  
and	  other	  students.	  This	  offers	   the	  
students	   the	   opportunity	   to	   both	  
practice	  client-­‐relation	  skills,	  and	  to	  
receive	   critical	   feedback.	   This	   is	  
used	  to	  guide	  revisions.	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7	   Visual	  Design	  
This	   exercises	   and	   applies	   the	  
groups’	   core	   graphic	   design	   skills.	  
To	   come	   up	   with	   visual	   solutions	  
that	   function	   and	   that	   meet	   the	  
overall	  website	  objectives.	   	  
8	   Usability	  Testing	  
Groups	   conduct	   a	   simplified	  
version	   of	   industry-­‐standard	  
usability	   evaluations	   to	   test	   each	  
other’s	  websites.	  
	  
9	   Final	  Presentation	  
Each	  student	  group	  presents	  to	  the	  
industry	   partner,	   the	   instructor,	  
and	  other	  students.	  This	  offers	   the	  
students	   the	   opportunity	   to	   both	  
practice	  client-­‐relation	  skills,	  and	  to	  
receive	  critical	  feedback.	  	  
Interface	  Evaluation:	  
	  
	  
Design	  Rationale:	  
	  
	  
	  
Appendix	   3:	   Table	   of	   Static	   Virtual	  
Processes	   and	   why	   they	   are	   appropriate	  
for	   the	   knowledge	   transfer	   of	   printed	  
electronics	  technology	  to	  designers	  
	  
Process	  
Categories/	  
Category	  
Idiosyncrasies	  
Static	  Virtual	  Processes	   Why	   it	   is	   appropriate	  
for	   the	   knowledge	  
transfer	   of	   printed	  
electronics	  technology	  
to	  designers	  
Knowledge	  
dimensions	  
	   	  
Ø Knowledge	  type	   More	  explicit:	  
	  
“This	   category	   of	   processes,	  
such	  as	  databases,	  reviews	  and	  
A	   very	   clear,	   detailed	  
conveyance	   of	   this	  
technology	   to	   designers	  
will	   help	   them	   grasp	   the	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unaddressed	   documents,	   deals	  
with	   secondary	   rather	   than	  
customized	   data	   and	   has	   the	  
broadest	   scope	   of	   coverage	  
given	   that	   enormous	   amounts	  
of	   explicit	   knowledge	   can	   be	  
easily	   propagated	   via	   different	  
IT	   tools.	   Although	   the	   creation	  
of	   knowledge	   content	   (e.g.,	  
patents,	  reports,	  manuals)	  may	  
require	  lots	  of	  time,	  its	  transfer	  
through	   these	   repositories	   can	  
occur	   immediately	   remaining	  
accessible	   to	   firm	  members.	   In	  
terms	  of	  process	  orientation,	  IT	  
artifacts	   constitute	   the	  
prevalent	   communication	  
medium	   support	   used	   by	  
employees	  to	  exchange	  existing	  
corps	   of	   explicit	   knowledge”	  
(Spraggon,	  M.	  and	  Bodolica,	  V.,	  
2012,	  p.1276) 
basic	   information	   about	  
the	  topic	  
Ø Knowledge	  
nature	  
Declarative	  (know-­‐what,	  know-­‐
where):	  
	  
“Virtual	   processes	   disseminate	  
explicit	   knowledge	   that	   is	  
articulated,	   easy	   to	  
understand,	   declarative	   in	  
nature	   and	   acontextual	  
explaining	   the	   “know-­‐what”	  
and	   “know-­‐where”	   of	   things,	  
the	   dynamic	   category	  
circulates	   less	   explicit	  
components”	   (Spraggon,	   M.	  
and	  Bodolica,	  V.,	  2012,	  p.1277)	  
A	   designer	   will	   need	   to	  
know	   a	   basic	   level	   about	  
the	   technology	   focusing	  
on	   ‘what’	   (it	   is)	   and	  
‘where’	  (it	  can	  be	  applied).	  
Other	  areas	   such	  as	   ‘how’	  
and	   ‘why’	   are	   not	  
necessary	   at	   early	   stages	  
when	   learning	   about	   this	  
technology,	   as	   the	  
information	   needs	   to	  
remain	   light	   in	   content	   to	  
maintain	   a	   designer’s	  
attention	   in	   their	   first	  
exposure	   to	   this	   new	  
information.	  
Ø Knowledge	  
epistemology	  
view	  
Objectivist:	  
	  
“The	  objectivist	  epistemological	  
perspective	   is	   appropriate	   for	  
comprehending	   knowledge	  
which	   is	   objective,	   exogenous	  
to	   the	   recipient,	   and	  
unproblematically	   traded	  
through	   virtual	   means	   and	  
An	  objective	  approach	  can	  
be	   useful	   for	   designers	   as	  
it	   helps	   to	   maintain	   a	  
focus	   or	   goal	   when	  
understanding	   a	   new	  
technology	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where	   meanings	   reside	   in	  
structured	   texts	   and	   symbols	  
which	  exist	  independently	  from	  
human	   perception”	   (Spraggon,	  
M.	   and	   Bodolica,	   V.,	   2012,	  
p.1277)	  
Ø Knowledge	  
conversion	  
process	  
Externalization:	  
	  
“Knowledge	   externalization	  
that	   occurs	   in	   static	   processes	  
results	   in	   the	   storage	   of	  
memos,	   reports	   and	  
presentations	  in	  
IT	   repositories,	   permitting	   the	  
crystallization	   and	  
institutionalization	   of	  
organizational	   knowledge”	  
(Spraggon,	  M.	  and	  Bodolica,	  V.,	  
2012,	  p.1277)	  
	  
Ø Patents	  
Ø E-­‐procedural	  manuals	  
Ø E-­‐documents	  
Ø Assessments	  
Ø Databases	  
Ø Reviews	  
Ø Reports	  	  
Ø Memos	  
Ø Presentations	  
(Spraggon,	  M.	  and	  Bodolica,	  V.,	  
2012,	  p.1276)	  
Presentations	   are	   of	  
particular	   interest	   when	  
considering	   the	  
combination	   of	   ‘new	  
technology/information’	  
and	   ‘designers’,	   as	  
images/visuals	   can	   aid	   a	  
designer’s	   learning	  
process,	   whilst	   controlling	  
the	   pace	   of	   the	   delivered	  
content.	  
Ø Accessibility	  
channel	  
Consciousness:	  
	  
“Conceived	   as	   an	   object	   and	  
accessible	   through	  
consciousness”	   (Spraggon,	   M.	  
and	  Bodolica,	  V.,	  2012,	  p.1277)	  
By	   a	   designer	   actively	  
engaging	   with	   new	  
knowledge,	   it	   will	   inspire	  
them	   to	   apply	   it	   to	   new	  
concepts/designs.	  	  
Designers	   need	   to	   go	  
through	   the	   ‘incubation’	  
period/phase	   in	   order	   to	  
reach	   the	   ‘illumination’	  
phase	   where	   the	   sudden	  
emergence	   of	   an	   idea	  
happens	   (Lawson,	   B.,	  
2006.	  p.149).	  
Communication	  
attribute	  
	   	  
Ø Media	  richness	   Low:	   Whilst	   the	   transfer	   of	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“While	   virtual	   processes	   are	  
low	  in	  media	  richness,	  they	  are	  
highly	   appropriate	   for	  
transferring	   standardized,	  
articulated	   and	   well	   organized	  
corps	   of	   knowledge	   to	   large	  
audiences”	   (Spraggon,	   M.	   and	  
Bodolica,	  V.,	  2012,	  p.1278)	  
standardised,	   articulated	  
and	   well	   organised	  
knowledge	   is	   important,	  
actually	  for	  designers	  they	  
would	   need	   both	   media	  
richness	   and	   standardised	  
knowledge	   as	   they	   are	  
visual	  learners.	  
Ø Communication	  
cue	  dimensions	  
Cognitive:	  
	  
“These	   processes	   offer	   limited	  
communication	  cues	  (e.g.,	  text,	  
audio)	   that	   are	   accessible	  
through	   human	   cognition	  
requiring	   from	   the	   receiver	   to	  
merely	   engage	   cognitive	  
aspects	   of	   his	   personality	   to	  
grasp	   the	   transmitted	  
knowledge”	   (Spraggon,	  M.	  and	  
Bodolica,	  V.,	  2012,	  p.1278)	  
	  
Ø Communication	  
process	  type	  
Conveyance	   processes	  
(reporting):	  
	  
“Their	   ultimate	   goal	   is	   to	  
gather,	  disseminate,	  and	  report	  
explicit	   bodies	   of	   knowledge	  
throughout	   the	   organization	  
for	   potential	   consideration	   by	  
employees”	   (Spraggon,	  M.	   and	  
Bodolica,	  V.,	  2012,	  p.1278)	  
The	   information	   on	  
printed	   electronics	   needs	  
to	   be	   reported	   to	  
designers,	   areas	   such	   as	  
the	   status	   of	   the	  
technology	   or	   its	  
capabilities.	  
Ø Feedback	  
synchronicity	  
Asynchronous	  More:	  
	  
“Do	   not	   necessitate	   users'	  
feedback”	   (Spraggon,	   M.	   and	  
Bodolica,	  V.,	  2012,	  p.1278)	  
It	  may	  not	  be	  necessary	  to	  
have	   feedback	   from	  
designers	   during	   the	  
process	   of	   learning.	  
However,	   it	   may	   be	  
helpful	   when	  
incorporating	   the	  
technology	  into	  designs.	  
Dominant	  Barriers	   Poor	   knowledge	   base,	   low	  
absorptive	  capacity:	  
	  
“As	   advocated	   by	   the	  
objectivist	   perspective	   which	  
conceives	   knowledge	   as	  
completely	  articulated,	  codified	  
and	   easily	   understandable,	   no	  
To	   begin	   learning	   about	   a	  
new	  technology,	  designers	  
would	  need	  to	  learn	  about	  
it	   gradually,	   at	   a	  
manageable	   pace	   to	  
ensure	   transfer	   of	  
knowledge.	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a-­‐priori	   barriers	   in	   terms	   of	  
knowledge	   dimensions	   and	  
interactional	   attributes	   exist	   in	  
static	   virtual	   processes.	  
However,	   if	   obstacles	   to	  
effective	   knowledge	   transfer	  
emerge	  in	  the	  context	  of	  virtual	  
processes,	   they	   are	   few	   in	  
number,	   simpler	   and	   easier	   to	  
comprehend	   and	   address,	   and	  
might	   principally	   stem	   from	  
individual-­‐level	   factors	   such	   as	  
poor	   absorptive	   capacity	   and	  
the	   absence	   of	   a	   suitable	  
knowledge	   base	   that	   is	  
required	   for	   seizing,	  
understanding	   and	   absorbing	  
new	  knowledge”	  (Spraggon,	  M.	  
and	  Bodolica,	  V.,	  2012,	  p.1279)	  
Expected	  Outcomes	   Wide	  and	  fast	  dissemination	  of	  
knowledge,	   organizational	  
memory:	  
	  
“To	   broadly	   disseminate	   vast	  
amounts	   of	   articulated	  
knowledge	   that	   is	   preserved	   in	  
digital	  internal	  repositories	  and	  
contribute	   to	   the	   nurturing	   of	  
organizational	   memory”	  
(Spraggon,	  M.	  and	  Bodolica,	  V.,	  
2012,	  p.1280)	  
A	   digital	   repository	   of	  
printed	   electronics	  
information	  would	  be	  very	  
helpful	  for	  designers	  when	  
learning	   about	   the	  
technology	   as	   it	   would	  
provide	   an	   accessible	  
source	  to	  refer	  to	  for	  basic	  
knowledge	   on	   the	  
technology.	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Appendix	  4:	  Circuit	  Scribe	  STEM	  education	  
workbook	  –	  selected	  pages	  (2-­‐7)	  
	  
Appendix	  4.1:	  Pages	  2	  and	  3	  
	  
	  
	  (Electroninks,	  2016a)	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Appendix	  4.2:	  Pages	  4	  and	  5	  
	  
	  
	  (Electroninks,	  2016a)	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Appendix	  4.3:	  Pages	  6	  and	  7	  
	  
	  
	  (Electroninks,	  2016a)	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Appendix	   5:	   Interviews	   with	   Printed	  
Electronics	  Experts	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Appendix	  5.1:	  Ethical	  Clearance	  Checklist	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Appendix	  5.2:	  Adult	  Participant	  Information	  Sheet	  
	  
	  
	  
	  
	  
Project	  Title	  
Adult	  Participant	  Information	  Sheet	  
	  
Name	  of	  Investigator:	  Nicola	  York	  
Address:	  Loughborough	  Design	  School,	  Loughborough	  University,	  Leicestershire	  LE11	  
3TU,	  UK.	  	  
Contact	  email:	  N.York@lboro.ac.uk	  	  
(Supervisors:	  Dr	  Darren	  Southee	  and	  Dr	  Mark	  Evans)	  
Dr	  Darren	  Southee	  contact	  email:	  d.j.southee@lboro.ac.uk	  
Dr	  Mark	  Evans	  contact	  email:	  M.A.Evans@lboro.ac.uk	  	  
	  
	  
What	  is	  the	  purpose	  of	  the	  study?	  
To	   solicit	   the	   perceptions,	   opinions	   and	   wisdom	   of	   printed	   electronics	   experts,	  
specifically	   to	  validate	   the	  proposed	  methods	   for	   the	  classification	  and	  assessment	  
of	  the	  various	  printed	  electronics	  technology	  elements	  to	  date.	  	  
	  
	  
Who	  is	  doing	  this	  research	  and	  why?	  
This	   study	   is	   part	   of	   a	   student	   research	   project	   supported	   by	   Loughborough	  
University.	   Nicola	   York	   is	   currently	   doing	   her	   doctoral	   research	   on	   “The	   Impact	   of	  
Printed	   Electronics	   upon	   Product	   Design”.	   Her	   supervisors	   are	   Dr	   Darren	   Southee	  
and	   Dr	   Mark	   Evans.	   A	   taxonomy	   of	   printed	   electronics	   has	   been	   created	   to	  
categorise	   each	   section	   of	   the	   technology.	   	   A	   Technology	   Readiness	   Level	   (TRL)	  
system	  has	  also	  been	  constructed	  to	  assess	  the	  technology	  readiness	  of	  the	  various	  
elements	  of	  printed	  electronics	  technology.	  
	  
	  
Are	  there	  any	  exclusion	  criteria?	  
No	  
	  
	  
What	  will	  I	  be	  asked	  to	  do?	  
The	   purpose	   of	   the	   semi-­‐structured	   interview	   would	   be	   to	   gather	   and	   explore	  
perceptions,	  thoughts,	  opinions	  and	  feelings	  about	  the	  information	  presented.	  
Specifically	  this	  interview	  will:	  
	  
•	  	  	  	  	  	  	  	  	  	  Assess	  the	  taxonomy	  for	  printed	  electronics	  	  
•	  	  	  	  	  	  	  	  	  	  Assess	  and	  validate	  the	  presented	  TRL	  system	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•	   	   	   	   	   	   	   	   	   	   Identify	   any	   barriers	   to	   the	   commercialisation	   of	   printed	   electronics	  
technology	  	  
	  
	  
Once	  I	  take	  part,	  can	  I	  change	  my	  mind?	  
Yes.	   	  After	  you	  have	  read	  this	   information	  and	  asked	  any	  questions	  you	  may	  have,	  
we	   will	   ask	   you	   to	   complete	   an	   Informed	   Consent	   Form,	   however	   if	   at	   any	   time,	  
before,	  during	  or	  after	  the	  sessions	  you	  wish	  to	  withdraw	  from	  the	  study	  please	  just	  
contact	  the	  main	  investigator.	  	  You	  can	  withdraw	  at	  any	  time,	  for	  any	  reason	  and	  you	  
will	  not	  be	  asked	  to	  explain	  your	  reasons	  for	  withdrawing.	  
However,	  once	  the	  thesis	  has	  been	  submitted	  (expected	  by	  October	  2016),	  it	  will	  not	  
be	  possible	  to	  withdraw	  your	  individual	  data	  from	  the	  research.	  
	  
	  
Will	  I	  be	  required	  to	  attend	  any	  sessions	  and	  where	  will	  these	  be?	  
Just	  the	  semi-­‐structured	  interview	  
	  
	  
How	  long	  will	  it	  take?	  
The	  semi-­‐structured	  interview	  will	  take	  one	  hour.	  
	  
	  
What	  personal	  information	  will	  be	  required	  from	  me?	  
None.	  
	  
	  
Are	  there	  any	  risks	  in	  participating?	  
No.	  
	  
	  
Will	  my	  taking	  part	  in	  this	  study	  be	  kept	  confidential?	  
All	   information	   on	   participants	  will	   be	   treated	   as	   confidential	   and	   not	   identifiable	  
unless	  agreed	  otherwise	  in	  advance,	  and	  subject	  to	  requirements	  of	  law.	  Storage	  of	  
data	  will	  comply	  with	  the	  Data	  Protection	  Act	  1998.	  Any	  video/audio	  recordings	  of	  
participants	   will	   be	   kept	   in	   a	   secure	   place	   and	   not	   released	   to	   any	   third	   parties.	  
Video/audio	  recordings	  will	  be	  destroyed	  within	  ten	  years	  of	  the	  completion	  of	  the	  
investigation.	   The	   research	   will	   not	   involve	   the	   sharing	   of	   data	   or	   confidential	  
information	   beyond	   the	   initial	   consent	   given.	   The	   research	   will	   not	   involve	  
administrative	   or	   secure	   data	   that	   requires	   permission	   from	   the	   appropriate	  
authorities	  before	  use.	  	  
	  
	  
I	  have	  some	  more	  questions;	  who	  should	  I	  contact?	  
Nicola	  York	  
	  
	  
What	  will	  happen	  to	  the	  results	  of	  the	  study?	  
	   439	  
The	  results	  will	  become	  primary	  data	  for	  the	  doctorial	  research.	  
	  
	  
What	  if	  I	  am	  not	  happy	  with	  how	  the	  research	  was	  conducted?	  
If	  you	  are	  not	  happy	  with	  how	  the	  research	  was	  conducted,	  please	  contact	  Ms	  Jackie	  
Green,	  the	  Secretary	  for	  the	  University’s	  Ethics	  Approvals	  (Human	  Participants)	  Sub-­‐
Committee:	  
	  
Ms	   J	   Green,	   Research	   Office,	   Hazlerigg	   Building,	   Loughborough	   University,	   Epinal	  
Way,	  Loughborough,	  LE11	  3TU.	  	  Tel:	  01509	  222423.	  	  Email:	  J.A.Green@lboro.ac.uk	  
	  
The	  University	  also	  has	  a	  policy	  relating	  to	  Research	  Misconduct	  and	  Whistle	  Blowing	  
which	   is	   available	   online	   at	   http://www.lboro.ac.uk/committees/ethics-­‐approvals-­‐
human-­‐participants/additionalinformation/codesofpractice/	  .	  	  	  
	  
	  
Is	  there	  anything	  I	  need	  to	  do	  before	  the	  session?	  
No	  
	  
	  
Is	  there	  anything	  I	  need	  to	  bring	  with	  me?	  
No	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Appendix	  5.3:	  Informed	  Consent	  Form	  
	  
	  
The	  Impact	  of	  Printed	  Electronics	  upon	  Product	  Design	  
	  
INFORMED	  CONSENT	  FORM	  
(to	  be	  completed	  after	  Participant	  Information	  Sheet	  has	  been	  read)	  
	  
The	  purpose	  and	  details	  of	   this	   study	  have	  been	  explained	  to	  me.	   	   I	  
understand	  that	  this	  study	  is	  designed	  to	  further	  scientific	  knowledge	  
and	   that	   all	   procedures	   have	   been	   approved	   by	   the	   Loughborough	  
University	  Ethics	  Approvals	  (Human	  Participants)	  Sub-­‐Committee.	  
	  
	  
	  
Yes	  o	  
	  
	  
No	  o	  
I	   have	   read	  and	  understood	   the	   information	   sheet	   and	   this	   consent	  
form.	  
	  
Yes	  o	   No	  o	  
I	  have	  had	  an	  opportunity	  to	  ask	  questions	  about	  my	  participation.	  
	  
Yes	  o	   No	  o	  
I	  understand	  that	  I	  am	  under	  no	  obligation	  to	  take	  part	  in	  the	  study.	  
	  
Yes	  o	   No	  o	  
I	  understand	  that	  I	  have	  the	  right	  to	  withdraw	  from	  this	  study	  at	  any	  
stage	   for	   any	   reason,	   and	   that	   I	   will	   not	   be	   required	   to	   explain	  my	  
reasons	  for	  withdrawing.	  
	  
	  
Yes	  o	  
	  
No	  o	  
I	  understand	  that	  all	  the	  information	  I	  provide	  will	  be	  treated	  in	  strict	  
confidence	  and	  will	  be	  kept	  anonymous	  and	  confidential	  to	  the	  
researchers	  unless	  (under	  the	  statutory	  obligations	  of	  the	  agencies	  
which	  the	  researchers	  are	  working	  with),	  it	  is	  judged	  that	  
confidentiality	  will	  have	  to	  be	  breached	  for	  the	  safety	  of	  the	  
participant	  or	  others.	  	  
	  
	  
	  
Yes	  o	  
	  
	  
	  
No	  o	  
I	  agree	  to	  participate	  in	  this	  study.	  
	  
Yes	  o	   No	  o	  
	  
	  
	  
	  
Your	  name	  
	  
	  
________________________________	  
Your	  signature	  
	  
________________________________	  
	  
Signature	  of	  investigator	  
	  
	  
________________________________	  
	  
Date	  
	  
________________________________	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Appendix	   5.4:	   Interview	   with	   ‘Expert	   1’	   on	   17th	  
June	  2015	  
	  
Interviewer:	  
Thank	  you	  very	  much	  for	  taking	  part	  in	  this	  interview.	  	  
Q1.	  Can	  I	  ask	  you	  to	  explain	  your	  background	  of	  expertise	  in	  printed	  electronics?	  
	  
The	  expert’s	  response	  to	  this	  question	  has	  been	  removed	  so	  the	  individual	  can	  remain	  
anonymous.	  
	  
Interviewer:	  
Fantastic,	   thank	   you.	   So	   the	   purpose	   of	   this	   semi-­‐structured	   interview	   is	   to…(text	  
document	  read	  to	  interviewee).	  
So	  with	  regards	  to	  the	  Taxonomy,	  	  
Q2.	  Are	  the	  classifications	  of	  the	  taxonomy	  appropriate	  and	  accurate?	  
	  
Expert	  1:	  
It’s	  a	  start	  yes,	  I’ve	  got	  no	  immediate	  comments	  about	  this,	  all	  the	  right	  words	  seem	  
to	   be	   there.	   The	   thing	   which	   is	   missing	   here	   is	   the	   application	   areas,	   because	   if	  
you’re	  talking	  about	  TRL	  levels,	  a	  TRL	  level,	  that’s	  my	  business	  card	  you’ve	  got	  there,	  
if	  you	  press	  the	  ‘P’	  on	  that,	  now	  you	  see	  that,	  that	  is	  a	  business	  card,	  inside	  there	  as	  
you	   see	   when	   you	   press	   the	   button,	   it	   lights	   up,	   so	   in	   there,	   there	   is	   a	   printed	  
battery,	  a	  switch,	  components.	  The	  battery	  has	  the	  circuit	  embedded	  in	  the	  battery,	  
so	   the	   TRL	   level	   is	   9,	   because	   that	   is	   out	   there	   in	   the	   market.	   If	   this	   was	   an	  
application	  for	  aerospace,	  this	  is	  TRL	  of	  1	  because	  the	  application,	  that	  is	  not	  suitable	  
for	   the	   application.	   So	  whilst	   the	   names	   here	   are	   applicable	   as	   names,	  when	   you	  
apply	   these	   then	   to	   a	   different	   applications,	   the	   TRL	   levels	   will	   be	   massively	  
different.	  So	  when	  we	  are	  talking	  about	  TRL	  levels,	  it	  depends	  where	  they	  are	  going	  
to	  be	  applying,	  the	  application	  can	  be	  very	  important	  to	  the	  TRL	  level.	  So	  that’s	  the	  
thing	  that	  is	  missing	  here,	  is	  application.	  
	  
Interviewer:	  
Ok,	  thank	  you.	  
	  
Expert	  1:	  
That’s	  perhaps	  something	  I	  should	  have	  mentioned	  earlier	  on,	  is	  that	  we	  are	  working	  
in,	   a	   term	   that	   we	   tend	   to	   use	   for	   what	   we	   are	   doing	   is	   what	   we	   term	   ‘smart	  
packaging’	   and	   there	   are	   a	   number	   of	   application	   areas,	   because	   smart	   packaging	  
may	   be	   in	   like	   my	   business	   card,	   on	   labels,	   because	   where	   is	   printed	   electronics	  
going	   to	   be	   for	   the	   future?	  We	   are	   not	   going	   to	   be	   competing	  with	   conventional	  
electronics,	  because	  we	  cannot	  compete	  with	   the	  supply	  chain,	  which	   is	  eccentric.	  
Electronics,	   the	   market	   is	   1.5	   trillion	   dollars,	   and	   there	   is	   a	   massive	   supply	   chain	  
already	   in	   that	   area.	   Printed	  electronics	   sits,	   if	   you	   like,	   is	   complementary	  but	  not	  
competitive,	  speaking	  for	  ourselves,	  and	  I	  think	  for	  other	  people	  that	  are	  looking	  at	  
printed	   electronics,	   we	   have,	   speak	   for	   myself,	   no	   intention	   of	   competing	   with	  
conventional	  electronics.	  What	  we	  want	  to	  do	  is	  to	  put	  the	  electronics	  where	  it	  has	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not	   been	   before,	   and	   so	   packaging	   like	   I	   have	   just	   shown	   you	   there,	   and	   into	  
cardboard	  boxes,	  and	   into	   labels	  on	  bottles,	  where	  electronics	  doesn’t	  exist	  at	   the	  
moment,	   that’s	   the	   area	   where	   we	   think	   it’s	   going	   to	   be	   important.	   Or	   into	  
functional	   structures,	  which	   are	   things	   like	   3D,	  which	   again	   electronics	   doesn’t	   go	  
into	  those	  areas	  either,	  so	  the	  application	  is	  very	  important	  in	  the	  discussion.	  
	  
Interviewer:	  
Ok,	  thank	  you.	  
(placing	  the	  PE	  TRL	  scale	  on	  the	  table)	  
	  
Expert	  1:	  
I’m	  good,	  I’m	  familiar	  with	  TRLs.	  
	  
Interviewer:	  
So	  with	  regards	  to	  the	  TRL	  scale,	  
	  
Q3.	  Is	  the	  scale	  an	  accurate/appropriate	  way	  of	  grading	  the	  technology	  readiness	  
of	  existing	  printed	  electronics	  examples?	  
	  
	  
Expert	  1:	  
I	   think	   so,	  yes,	   I	  mean	  we’ve	  worked	  TRL	   levels	  ever	   since	  we	  started	  because	   the	  
TSB	  or	  Innovate	  UK	  as	  they	  are	  now,	  are	  driven	  by	  TRL	  levels.	  When	  we	  first	  started	  
with	  TSB,	   in	  fact	  even	  before	  then	  when	  it	  was	  the	  GTI,	  at	  that	  time	  the	  TRL	   levels	  
were	  very	   low	  because	   the	   technology	   really	  didn’t	  exist.	  So	  TRL	   levels	  were	   really	  
the	   one	   to	   force,	   which	   is	   why	   the	   universities	   were	   intimately	   involved	  with	   the	  
work	  we’re	  doing,	  as	   I	  say,	  Cambridge	  University,	  Brunel,	  and	  we’ve	  worked	  with	  a	  
number	  of	  Universities	  because	  we’re	  at	  the	  technology	  level,	  not	  at	  the,	  if	  you	  like,	  
at	   the	   application	   level,	   so	   technology	   is	   extremely	   important.	   But	   technology	  
without	  engineering	  is	  just	  a	  black	  hole	  to	  throw	  money	  into.	  	  
What	  is	  happening	  more	  recently	  with	  the	  Innovate	  UK	  and	  even	  in	  TSB	  days,	  is	  that	  
they’re	  moving	  up,	  so	  that	  a	  lot	  of	  the	  projects	  now	  with	  Innovate	  UK	  are	  now	  very	  
much	  aimed	  at	   the	  application	   level,	  not	  at	   the	   technology	   level.	  So	   the	  TRL	   levels	  
now	  are	  being	  discussed	  by	   Innovate	  UK,	  as	  now	  they	  are	   really	  on	   the	  5,	   to	  7,	   to	  
8ish	   level,	  because	  they	  think	  that	  enough	  work,	  enough	  money	  has	  been	  put	   into	  
the	   low	   TRL	   levels,	   that	   we	   understand,	   if	   you	   like,	   the	   technology,	   but	   now	   it’s	  
about	   the	   engineering,	   not	   technology.	   It	   is	   the	   application	   of	   technology	   to	   an	  
application,	   and	   it	   is	   now	   driven	  much	  more	   now	   about	   commercialisation,	   and	   I	  
subscribe	   to	   that	  very	  much.	  We’ve	  gone	  through	  the	  heartache	  on	  understanding	  
the	  technology,	  and	  now	  we’re	  going	  to	  make	  money	  out	  of	  it.	  	  
	  
Interviewer:	  
Yes,	  definitely.	  
	  
Expert	  1:	  
Yes.	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Interviewer:	  
So	  thank	  you	  very	  much	  for	  giving	  up	  your	  time	  to	  take	  part	  in	  this	  interview.	  
Q4.	  Can	   I	   finally	   ask	   you	   if	   you	   think	   there	   are	   any	   aspects	   about	   the	  presented	  
information	  that	  have	  not	  been	  covered	  in	  this	  interview?	  
	  
Expert	  1:	  
The	  only	  thing,	   I	  make	  the	  point	  again,	   is	   the	  application.	  Because	  applying	  this,	   to	  
different	   areas	   such	   as	   aerospace,	   Invotec	   is	   an	   aerospace	   company,	   I	   spent	   a	   big	  
chunk	   of	   my	   life	   in	   defence	   and	   aerospace	   where	   reliability	   and	   durability	   is	  
absolutely	  critical.	  However,	  one	  of	  the	  areas	  that	  is	  being	  developed	  at	  the	  moment	  
in	  printed	  electronics,	  are	  areas	  where	  like	  a	  singing	  birthday	  card,	  as	  long	  as	  it	  sings	  
happy	   birthday	   on	   the	   day	   of	   your	   birthday,	   it’s	   done	   its	   job.	   And	   so	   things	   like	  
reliability	  and	  durability	  are	  different	  in	  different	  applications,	  and	  so	  that’s	  very	  very	  
important,	  is	  the	  reliability	  and	  durability,	  is	  it	  suitable	  for	  the	  application?	  So	  that	  is	  
going	   to	   be	   an	   area	   which	   is,	   this	   needs	   to	   be	   created,	   if	   you	   like,	   in	   another	  
dimension,	  which	  I	  don’t	  see	  here.	  It’s	  something	  that	  needs	  to	  be	  thought	  about.	  
	  
Interviewer:	  
Okay,	  thank	  you.	  Also,	  
Q5.	  Are	  there	  any	  questions	  you	  would	  like	  to	  ask?	  
	  
Expert	  1:	  
Not	  at	  this	  time.	  
	  
Interviewer:	  
Okay,	  
Q6.	  With	  your	  experience	  working	  in	  the	  printed	  electronics	  industry,	  in	  relation	  to	  
this	  research,	  is	  there	  anything	  else	  that	  you	  would	  like	  to	  add,	  or	  that	  you	  think	  I	  
should	  be	  considering?	  
	  
Expert	  1:	  
Well,	   I’ve	  only	  just	  seen	  this	  now,	  the	  one	  thing	  which,	  one	  of	  the	  issues	  which	  we	  
have	  is	  the	  electronics	  without	  power,	  well	   isn’t	  electronics.	  Whilst	  we	  have	  buried	  
power	  sources	  down	  the	  bottom	  here,	  it’s	  the	  biggest	  problem	  that	  we	  have	  at	  the	  
moment.	  We	  also	  have	  to	  realise	  that	  printed	  electronics,	  there	  will	  be	  areas	  where	  
it	  cannot	  go.	  We’ll	  never	  be	  able	  to	  print	  a	  CPU,	  we’ll	  never	  be	  able	  to	  print	  an	  OLED	  
display,	  we	  wouldn’t	  want	  to	  do	  that.	  So	  we	  have	  an	  area	  we	  call	  ‘hybrid	  electronics’	  
where	   we’re	   actually	   combining	   the	   best	   of	   printed	   electronics	   with	   the	   best	   of	  
conventional	   electronics.	   As	   an	   example,	   an	   area	   that	   we’re	   working	   with	   like	  
Hasbril,	  the	  games	  people,	  if	  you	  look	  at	  a	  board	  game,	  something	  like	  a	  monopoly	  
set,	  a	  monopoly	  set	  is	  about	  this	  sort	  of	  size.	  If	  you	  were	  to	  make	  a	  circuit	  this	  size,	  
that’s	  quite	  a	  heck	  of	  a	  circuit,	  and	  you	  would	  not	  do	  that,	  because	  you’re	  working	  
on	  paper,	  so	  what	  we	  would	  do	  for	  something	  like	  that	  is	  that	  we	  would	  print	  a	  very	  
simple	  layer	  of	  technology	  on	  a	  gravure	  press	  for	  instance,	  which	  is	  working	  at	  many	  
meters	   per	   second,	   and	   then	   buy	   in	   very	   small	  modules	  which	  we	   can	   then	   place	  
over	  these	  areas	  and	  we	  can	  put	  the	  intelligence,	  or	  we	  can	  put	  the	  complexity	  into	  
tiny	  little	  areas	  that	  we	  can	  buy	  for	  pennies	  from	  China	  and	  then	  integrate	  that,	  and	  
	   444	  
then	  embed	  them	  literally	  in	  the	  board	  game.	  So	  hybrid	  electronics	  is	  the	  term	  that	  
we	   use,	   so	   we	   embed	   local	   intelligence	   using	   perhaps	   conventional	   electronics,	  
actually	  then	  with	  paper,	  people	  can’t	  work	  on	  paper	  in	  conventional	  electronics,	  so	  
we	  combine	  them	  together,	  so	  our	  term	  is	  hybrid	  electronics.	  	  
That	  again,	  what	  is	  only	  looking,	  if	  you	  like,	  at	  one	  layer	  here,	  and	  why	  would	  I	  want	  
to	  print	  a	  capacitor,	  when	  I	  can	  buy	  capacitors	  for	  300ths	  of	  a	  penny?	  I	  mean	  it’s	  like,	  
why	  would	  I	  want	  to	  do	  that?	  So	  what	  we	  would	  do	  if	  I,	  I	  can	  print	  capacitors,	  yes	  of	  
course	  I	  can	  and	  it	  may	  be	  on	  this	  application	  yes	  I	  would	  do	  that,	  but	  there’s	  other	  
applications	   that	   I	   would	   not	   do	   that.	   I	   would	   simply	   buy	   them	   in,	   if	   I	   can	   buy	   in	  
resistors,	  we	  pay	  £3	  a	   thousand	   for	   resistors,	   I	  wouldn’t	  waste	  my	   time	   looking	  at	  
trying	  to	  make	  a	  resistor	  which	   I	  can’t	  make	  very	  well,	  when	   I	  can	  buy	  them	  in	   for	  
nothing.	  So,	  it’s	  looking	  at	  printed	  electronics	  is	  not	  likely	  to	  exist	  on	  its	  own,	  printed	  
electronics	  will	  be	  combined	  with	  the	  best	  of	  what’s	  available.	  	  
So,	  an	  inductor	  is	  actually	  a	  very	  difficult	  thing	  to	  actually	  print,	  I	  can	  buy	  inductors	  in	  
for	  nothing,	  so	  we	  would	  look	  at	  an	  application	  and	  then	  look	  at	  the	  bill	  of	  materials,	  
it	  is	  ‘what’s	  the	  best	  way	  of	  making	  it’?	  So	  if	  its	  thin,	  then	  I	  might	  not	  be	  able	  to	  put	  
an	  inductor	  in	  it,	  an	  inductor	  by	  its	  nature	  tend	  to	  be	  fairly	  thick,	  so	  I	  might	  have	  to,	  
but	  I	  cannot,	  the	  laws	  of	  physics	  will	  not	  allow	  me	  to	  make	  an	  inductor	  which	  is	  very	  
useful	  by	  a	  printing	  method.	   So,	   it	  depends	  very	  much	  on	  what	   the	  customer,	   the	  
customer	   will	   bring	   a	   specification,	   we’ll	   look	   at	   the	   specification,	   and	   then	   we’ll	  
decide	  how	  we’re	  going	  to	  make	  it.	   If	  we	  can	  print	  it,	  we’ll	  print	  it;	  and	  if	  we	  can’t,	  
then	   we’ll	   look	   then	   at	   combining	   then	   with	   other	   materials	   to	   meet	   the	  
specifications.	   And	   every	   specification	   is	   different	   to	   every	   other	   specification,	  
because	  it’s	  a	  design.	  So	  where	  this	  fits,	  we’ll	  make	  it	  fit,	  otherwise	  we’ll	  combine	  it	  
with	  other	  techniques.	  If	  that	  answers	  that	  question.	  
	  
Interviewer:	  
Yes,	   thank	   you,	   also	   just	   for	   the	   final	   question,	   I	   will	   just	   need	   to	   make	   a	   slight	  
alteration	  to	  the	  camera,	  but	  
Q7.	  Lastly,	  using	  the	  four	  examples	  provided	  and	  the	  printed	  electronics	  TRL	  scale,	  
could	  I	  ask	  you	  to	  assign	  the	  TRL	  number	  that	  you	  feel	  each	  example	  has	  reached	  in	  
the	  blue	  boxes	  provided?	  
I	   also	   have	   the	   references	   and	   the	   papers	   if	   you	  would	   like	   to	   read	   any	   of	   those,	  
thank	  you.	  
	  
Expert	  1:	  
Where	  do	  you	  want	  me	  to	  start?	  
	  
Interviewer:	  
Anywhere	  you	  like.	  
	  
Expert	  1:	  
You	  see,	  we’ve	  got	  the	  same	  problem	  here,	  resistors.	  I	  mean,	  a	  resistor’s	  not	  just	  a	  
resistor,	  we	  need	  to	  define	   its,	   the	  resistance,	   the	  resistance	   itself,	  and	   if	  we	  want	  
something	   that’s	   a	  one	  ohm	   resistor,	   or	   a	   ten	  meg	   resistor,	   they	   are	  both	   valid	   in	  
their	  own	  right,	  but	  to	  print	  a	  ten	  meg	  resistor	  and	  a	  one	  ohm	  resistor	   is	  very	  very	  
different	   to	   each	  other,	   for	   the	   resistor	  we	  will	   print.	   The	  other	   problem	  we	  have	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when	  we	  are	  printing	  resistors,	   is	  that	  we	  try	  and	  get	  them	  to	  plus	  or	  minus,	  well	   I	  
can	  buy	  resistors	  that	  are	  plus	  or	  minus	  1%.	  To	  print	  a	  resistor	  that’s	  plus	  or	  minus	  
1%	  is	  virtually	  impossible.	  But	  if	  we	  can	  print	  them	  to	  plus	  or	  minus	  5%,	  that	  is	  state	  
of	  the	  art.	  So	  again,	  the	  problem	  here	  is	  ‘what’s	  the	  application?’,	  so	  to	  simply	  say,	  
‘can	  I	  print	  a	  resistor?’	  the	  answer	  is	  ‘yes	  I	  can’	  and	  I	  could	  say	  that’s	  TRL9,	  but	  then	  
for	   the	  application	   it’s	  TRL1.	   I	  have	  a	  problem	  here	  with	  answering	  a	  question	   like	  
this,	  it	  depends	  on	  the	  application,	  it	  depends	  on	  the	  specification.	  	  
We	  print	   resistors	  now,	  but	   they’re	   very	   very	  poor	   resistors.	  We’re	  printing	   things	  
like	   carbon,	   carbon	   is	   a	   resistive	   material,	   has	   got	   a	   very	   high	   temperature	  
coefficient,	   so	   when	   the	   temperature	   changes,	   the	   resistance	   changes,	   like	   on	   a	  
bioresistor,	  conventional	  resistor	  which	  hardly	  changes	  the	  temperature	  at	  all.	  With	  
a	  printed	  resistor,	  they	  tend	  to	  change	  with	  time,	  because	  their	  particles	  printed	  and	  
the	   way	   that	   they	   age	   is	   different	   to	   an	   ordinary	   resistor	   so	   it	   depends	   on	   the	  
application,	  so	  I	  have	  difficulty,	  because	  this	  is	  not	  application	  specific.	  Again	  we’re	  a	  
dimension	   short	   here,	   so	   for	   a	   simple	   application	   like	   a	   business	   card	   where	   it	  
doesn’t	  really	  matter,	  then	  I	  would	  say	   it	  would	  be	  fairly	  mature,	   if	   it’s	  going	  to	  go	  
into	  space,	  absolutely	  immature.	  Something	  in	  between,	  let’s	  say	  like	  a	  strain	  gage,	  
you’ve	  mentioned,	  I’ve	  seen	  strain	  gages	  on	  here,	  now	  we	  print	  strain	  gages,	  and	  for	  
a	  simple	  strain	  gage,	  fairly	  mature,	  you	  know,	  5	  or	  6,	  as	  you	  bend	  it,	  there’s	  a	  change	  
in	  the	  resistance.	  And	  they	  work,	  we	  print	  them	  a	  lot	  and	  they	  work	  quite	  well,	  but	  
again	   it	   depends	   on	   the	   application,	   I	   will	   find	   this	   very	   hard,	   as	   I’m	   a	   dimension	  
short	  here.	  
	  
Interviewer:	  
So,	   because	   it’s	   just	   three	   pieces	   of	   information,	   and	   it’s	   the,	   just	   looking	   at	   the	  
specific	  recent	  example,	  so	  the	  middle	  section.	  
	  
Expert	  1:	  
With	   the	   caveat	   that	   there’s	   no	   such	   thing	   as	   an	   average	   in	   electronics,	   if	   it’s	   low	  
reliability,	   TRL	   level	   is	   high,	   if	   it’s	   high	   reliability,	   TRL	   level	   is	   low.	   So	   yes	  we	   print	  
resistors,	  and	  for	  what	  I	  would	  term.	  So	  if	  it	  was	  to	  go	  into	  a	  card	  board	  box,	  then	  I	  
would	   say	   TRL	   level	   7,	   no	   let’s	   call	   it	   6,	   but	   I	   have	   to	   say,	   that	   we’re	   missing	   a	  
dimension	  and	  it	  is	  important,	  so	  it	  depends	  on	  the	  application.	  
Capacitors,	  we’re	  rubbish	  at	  capacitors,	  I	  would	  say	  we’re	  down	  at	  4,	  it’s	  against	  the	  
nature	  of	  a	  capacitor.	  If	  we	  were	  going	  to	  print	  something	  which	  was	  just	  a	  few	  nano	  
farads,	  very	  good,	  if	  it	  was	  micro	  farads,	  umm,	  there	  and	  there	  abouts.	  Lots	  of	  micro	  
farads,	  impossible,	  again,	  we’re	  missing	  it	  in	  this	  direction,	  but	  we’re	  not	  very	  good	  
at	  capacitors	  at	  this	  time.	  	  
The	   other	   thing	   I’m	   not	   quite	   sure	   about	   here	   is	   the,	   I	   mean	   there	   are	  materials	  
available	  where	  we	  can	  make	  better	  capacitors	  than	  with	  other	  materials	  that	  we’ve	  
got,	   but	   then	   we’re	   talking	   about	   printed	   electronics,	   you	   know	   we’ve	   got	   inkjet	  
printing,	  screen	  printing,	  nozzle	  printing,	  gravure	  printing	  etc.	  each	  of	  those	  methods	  
have	  their	  own	  limitations.	   Inkjet	  printing’s	  very	  good	  for	  some	  things,	  but	   it	  prints	  
very	  thin,	  and	  for	  a	  capacitor,	  that	  can	  be	  good.	  But	  then,	  again	  I’m	  a	  bit…(sighs)	  
	  
Interviewer:	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It’s	   okay,	   I	   can’t	   remember	   quite	   which	   one	   was	   which,	   because	   they’re	   each	   by	  
different	  printing	  methods	  as	  well,	   and	   just	  based	  on	   this	   example.	   So	   it’s	   a	   really	  
specific…	  
	  
Expert	  1:	  
So	  are	  you	  asking	  me	  to	  only	  to	  talk	  about	  offset	  litho	  for	  this?	  
	  
Interviewer:	  
Yes,	  so	  it’s	  literally	  just	  that	  one	  example,	  what	  you	  would	  grade	  that	  one	  as.	  So	  it’s	  
the	  middle	  piece	  of	  information,	  the	  green.	  
	  
Expert	  1:	  
Sorry	  I	  misunderstood.	  So	  you	  only	  want	  me	  to	  make	  a	  comment,	  about	  offset	  litho,	  
not,	  no	  other	  technique?	  
	  
Interviewer:	  
They’re	  each	  different,	  so	  this	  one’s	  resistor,	  offset	  lithographic	  printed.	  
	  
Expert	  1:	  
I	  thought	  this	  was	  the	  history?	  
	  
	  
Interviewer:	  
Oh,	  sorry,	  it’s	  three	  pieces	  of	  information	  for	  each	  example,	  so	  it’s	  a	  piece	  of	  history	  
behind	  it,	  so	  when	  it	  was	  first	  around,	  the	  recent	  example,	  and	  then	  the	  TRL	  grading	  
for	  that	  recent	  example.	  
	  
Expert	  1:	  
Oh	  sorry,	  okay.	  
	  
Interviewer:	  
Sorry,	  I	  should	  have	  explained	  that	  a	  bit	  better,	  sorry.	  
	  
Expert	  1:	  
So	  this	  is	  just	  for	  offset	  litho?	  	  
	  
Interviewer:	  
Yes	  
	  
Expert	  1:	  
But	  offset	  litho	  is	  hardly	  relevant	  for	  making	  printed	  electronics.	  
	  
Interviewer:	  
In	  what	  way	  do	  you	  mean,	  sorry?	  	  
So	  would	  you	  not	  choose	  lithography	  for	  making	  printed	  electronics?	  
	  
Expert	  1:	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It	   depends	   on	   the	   application,	   I	   mean	   the	   ‘offset’	   will	   print	   very	   very	   thin,	   which	  
means	   it	   will	   not	   be	   capable	   of	   making	   certain	   types	   of	   resistors;	   you	   would	   use	  
screen	   printing.	   You	   wouldn’t	   use	   offset	   litho,	   and	   you	   can	   use	   rotary	   screen	  
printing,	  so	  on	  a	  reel	  to	  reel,	  you	  would	  not	  necessarily	  use	  offset	   litho,	  you	  would	  
use	  rotary	  screen	  printing.	  So	  I	  can	  make	  a	  comment	  about	  offset	  litho,	  but	  then	  that	  
immediately	   eliminates	   85%	   of	   all	   resistors	  which	   are	   going	   to	   be	   used	   in	   printed	  
electronics.	  	  
	  
Interviewer:	  
Okay,	   I	   mean,	   would	   you	   say	   that	   that’s	   quite,	   in	   respect	   to	   all	   the	   other	  
technologies,	  would	  you	  say	  that	  that’s	  quite	  low	  down	  on	  the	  scale?	  Or…?	  
	  
Expert	  1:	  
It	  is	  relevant,	  let’s	  say	  for,	  a	  certain	  type	  of	  resistor	  for	  a	  certain	  type	  of	  application.	  
But	   then	   for	   a	   certain	   type	   of	   resistor,	   limit	   is	   limiting,	   and	   for	   an	   application	   is	  
limiting.	  So	  this	  might	  be	  relevant	  for	  10%	  of	  all	  applications,	  you	  know,	  where	   it’s	  
going	  to	  be	  used,	  so	  yes	  I	  can	  make	  a	  comment	  about	  that,	  but	  then	  you’re	  missing	  
out	  the	  bulk	  of	  where	  resistors	  are	  going	  to	  be	  used	  in	  printed	  electronics.	  Because	  
you’ve	   got	   offset	   litho,	   but	   offset	   litho	   is	   probably	   not	  what’s	   going	   to	   be	   used	   in	  
printed	  electronics.	  (sighs)	  I	  think	  it	  is	  irrelevant	  to	  say	  6,	  but	  it’s	  very	  limiting	  what	  
would	  be	  ok	  for	  a	  limited	  application.	  
	  
Interviewer:	  
Okay	  
	  
Expert	  1:	  
So,	  capacitors,	   inkjet	  print,	  yes,	  I’m	  happy	  with	  that.	  Not	  4,	  I’ll	  make	  that	  3.	  I	  mean	  
that	   is	  a	  Dimatix	  2200	  printer,	  we’ve	  got	   two	  of	   those	  up	   there.	   I	  mean,	   these	  are	  
toys,	  and	  this	  was	  ok	  for	  making	  proof	  of	  technology,	  proof	  of	  concept,	  but	  the	  TRL	  is	  
very	  very	  low	  for	  that,	  you	  would	  not	  use	  that	  method	  at	  all.	  But	  yeah,	  I	  mean,	  we	  
love	  the	  little	  dimatix	  printers,	  for	  a	  proof	  of	  technology,	  cracking	  machines,	  you’ve	  
probably	  got	  one	  yourself	  at	  Loughborough.	  Most	  universities	  have	  got	  one,	  and	  it’s	  
a	  university	  type	  of	  application,	  we	  use	  them	  ourselves,	  we’ve	  got	  two	  the	  machines,	  
we	  use	  them	  all	  the	  time	  for	  making	  proof	  of	  technology,	  proof	  of	  concept,	  excellent	  
for	  that.	  But	  then	  if	  we	  are	  going	  to	  look	  at	  how	  we	  are	  going	  to	  mature	  it,	  then	  you	  
would	  not	  use	  a	  machine	  like	  that,	  low	  TRLs	  for	  that,	  but	  excellent	  for	  low	  TRL	  work,	  
we	  always	  start	  with	  our	  DMP	  machine,	  for	  if	  a	  new	  ink	  comes	  out,	  only	  needs	  two	  
ml’s,	  excellent	  for	  doing	  that	  sort	  of	  work,	  absolutely	  you’ll	  learn	  nothing	  on	  a	  DMP	  
machine	  for	  commercialisation.	  But,	  great	  for	  doing	  the	  low	  TRL	  work,	  no	  problems	  
with	  that	  at	  all.	  
	  
Interviewer:	  
Fantastic,	   that’s	   really	   good	   to	   know	  as	  well,	   that	   it’s	   good	   for	   those	   low	   levels	  of	  
TRLs.	  
	  
Expert	  1:	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When	  people	  ask	  us,	  we	  sell	  these	  machines,	  we	  sell	  a	  lot	  of	  these	  machines	  in	  the	  
UK,	  and	  where	  people	  say	  ‘we	  want	  to	  make	  a	  start’	  we	  recommend	  that	  machine.	  
It’s	  the	  cheapest	  machine,	  excellent	  machine,	  we’ve	  developed	  a	  lot	  of	  inks	  through	  
that	   machine	   and	   a	   lot	   of	   substrates,	   and	   I	   think	   we’ve	   sold	   two	   to	   Nottingham,	  
Reading	   University,	   we’ve	   sold	   a	   lot	   of	   these	   machines	   in	   this	   country,	   and	   we	  
recommend,	   a	   great	   machine	   for	   universities	   for	   developing	   a	   new	   ink	   or	   a	   new	  
particle,	  excellent	  machine	  for	  that,	  but	  low	  TRL.	  Anything	  you	  learn	  in	  DMP	  doesn’t	  
go	  anywhere	  else,	  because	   the	   inkjet	  heads	  on	   there	  are	  not	   compatible	  with	  any	  
other	  machine,	  so	  you	  have	  to	  move	  on	  from	  there,	  you	  have	  to	  sort	  of	  redevelop	  
the	  inks	  for	  the	  process,	  but	  an	  excellent	  starter.	  
Inductors,	   oh	   yes,	   I	   love	   inductors,	   screen	  printing,	   yep.	   TRL,	   let’s	   say,	   6.	  We	  print	  
these	  ourselves,	  we	  have	   the	  compliment	   to	  what	  you	  have	   there,	  we	  use	   this	   for	  
energy	  harvesting,	  and	  we	  use	  exactly	   the	   same	  when	  we	  print	   these.	  All	  our	  NFC	  
products	  we	  make	  have	  got	  these	  things	  inside	  them,	  but	  it’s	  still	  relatively	  low	  TRL	  
at	  this	  particular	  time,	  I	  might	  say,	  I	  might	  put	  a	  7	  on	  there	  as	  well.	  
Super	  cap	  gravure,	  well,	  TRL,	   it’s	   low,	  again	  application.	   I	  mean,	  people	  have	  made	  
super	   caps	   of	   one	   farad,	   you	   know,	   and	   a	   huge	   amount	   of	   work	   from	   [name]	   of	  
course,	  this	   is	  an	  area	  where	  he’s	  working,	  and	  where	  we	  hope	  we	  will	  be	  working	  
closely	  with	  [name]	  in	  this	  and	  with	  other	  people.	  The	  TRL	  levels	  are	  quite	  low	  at	  this	  
time,	  huge	  amount	  of	  work,	  this	  is	  a	  very	  very	  important	  area,	  a	  lot	  of	  work	  has	  been	  
done	  in	  the	  automotive	  industry,	  but	  the	  TRL’s	  at	  best	  a	  5	   in	  this	  area	  at	  this	  time.	  
The	  reliability’s	  poor	  at	  this	  time,	  and	  the	  capacity	  is	  not	  particularly	  good,	  again	  on	  
application,	  I	  mean	  a	  super	  cap	  to	  drive	  something	  like	  I	  was	  showing	  you	  there,	  yes	  
it’s	  probably	  okay,	  but	  that’s	  not	  the	  application	  where	  it’s	  going	  to	  be	  for	  the	  future.	  
It’s	  going	  to	  be	  on…why	  super	  caps	  at	  all?	  It’s	  like,	  the	  problems	  I’ve	  got	  with	  those	  
batteries,	  those	  are	  primary	  cells,	  when	  they	  go	  flat,	  they	  stay	  flat.	  With	  super	  caps,	  
the	   beauty	   of	   these	   is	   that	   you	   can	   charge	   them	   up	   again,	   and	   so	   that	   they	   are	  
rechargeable,	   and	  we	   are	   also	   looking	   at	   rechargeable	   technology	   that’s	   thin	   and	  
flexible.	  It	  is	  all	  very	  immature	  at	  the	  moment,	  nobodies	  got	  a	  super	  capacitor	  which	  
is,	   which	   shows	   anything,	   apart	   from	   potential	   at	   this	   time	   so	   I	   think	   5	   is	   fairly	  
generous	  for	  super	  caps	  at	  this	  time.	  And	  I	  think	  [name]	  would	  perhaps	  grumble	  with	  
that.	  
	  
Interviewer:	  
Fantastic,	   thank	   you,	   and	   with	   the	   wording	   of	   the	   TRLs,	   do	   you	   think	   that,	   	   that	  
represents	  each	  level	  correctly.	  
	  
Expert	  1:	  
I’ve	  got	  no	  problems	  with	  this,	  a	  lot	  of	  thought	  has	  gone	  into	  this,	  this	  was	  produced	  
by	  the	  aerospace	  guys,	  you	  know,	  many	  many	  years	  ago,	  and	  I	  mean	  if	  we	  sat	  around	  
again,	   and	   we’d	   never	   heard	   of	   this,	   then	   we	   would	   probably	   come	   up	   with	  
something	  fairly	  similar	  to	  be	  honest	  with	  you.	  So,	  I	  think	  the	  industry	  is	  used	  to	  it,	  
and	  I	  think	  we	  all	  use	  it,	  and	  we’re	  all	  comfortable	  with	  it.	  So	  to	  say	  we’ve	  got	  you	  
know,	  some	  blue	  sky	  idea,	  down	  here,	  sitting	  with	  the	  university,	  something	  that’s	  a	  
basic	   idea	  and	   it’s	  going	  to	  go	   into	  commercialisation,	  no	  problems	  with	  this	  at	  all.	  
No,	  I’m	  personally,	  I’m	  happy	  with	  TRLs,	  because	  if	  I’m	  talking	  to	  someone	  else	  and	  I	  
talk	  about	  TRLs,	  then	  we’ve	  all	  got	  used	  to	  them,	  and	  the	  number	  produces	  is	  quite	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important,	  because	  we	  all	  use,	  if	  you	  like,	  words	  and	  our	  interpretation	  in	  our	  heads	  
can	  be	  quite	  different	  and	  I	  hear	  the	  words	  and	  I	  have	  one	  of	  my	  common	  problems	  I	  
have	   with	   young	   people,	   I	   hear	   the	   words,	   but	   do	   I	   understand	   what	   the	   words	  
mean?	  And	  that	  is	  quite	  an	  issue,	  and	  a	  taxonomy	  of	  course	  is	  something	  which	  you	  
try	   and	   have	   an	   event	   clincher,	   which	   we	   all	   understand,	   at	   this	   time,	   then	   the	  
nature	   is	   quite	   troublesome.	   When	   we	   say	   super	   capacitor,	   do	   we	   know	   what	   a	  
super	   capacitor	   is?	   If	  we	   look	   inside	  what	  actually	  makes	  up	  a	   super	   cap,	   then	   it’s	  
very	  complicated	  and	  the	  same	  with	  all	  these	  things,	  like	  a	  transistor,	  my	  god,	  I	  mean	  
a	   transistor	   is	   a	   whole	   world	   of	   pain	   all	   of	   its	   own.	   There’s	   many	  many	   types	   of	  
transistor,	   to	   sort	   of	   say	   you	   can	   print	   transistors	   by	   any	   of	   these	  methods,	   god,	  
there’s	  a	  lot	  of	  different	  types	  of	  transistor.	  	  
So	   they’re	   using	  words	   here,	   as	   any	   of	   us	   know	  what	   a	   transistor	   is,	   and	   there	   is	  
every	  chance	  that	  we	  do	  not	  understand	  what	  that	  word	  means	  actually,	  transistors,	  
certainly	  could	  be	  the	  case.	  And	  things	  like	  high	  resolution	  graphics,	  I	  mean	  that	  is	  so	  
many	  words,	  but	  do	  we	  understand	  what	  that	  means?	  The	  chances	  are,	  we	  do	  not,	  
actually	  if	  you	  said	  to	  me	  ‘high	  resolution	  graphics’,	  I	  would	  immediately	  think,	  think	  
about	  things	  like	  OLED.	  That	  might	  not	  be	  in	  your	  mind,	  for	  instance,	  you	  might	  think	  
of	  electrochromic	  or	  something	  else,	  so	  these	  simple	  words	  here,	  will	  mean	  different	  
things	   to	   different	   people,	   if	   you	   simply	   said	   the	   word,	   it	   depends	   on	   their	   own	  
backgrounds.	  
	  
Interviewer:	  
Fantastic,	  thank	  you	  very	  much.	  
	  
Expert	  1:	  
Fantastic,	  well	   it’s	  complicated,	  so	  I,	  as	  I	  say,	  this	  extra	  dimension,	  the	  application	  I	  
think	  is	  important	  to	  understand	  where	  it	  fits	  in	  the	  real	  world,	  we’re	  not	  living	  in	  a	  
two	  dimensional	  world.	  
	  
Interviewer:	  
Okay,	  thank	  you	  very	  much.	  
	  
	  
Appendix	   5.5:	   Interview	   with	   ‘Expert	   2’	   on	   22nd	  
June	  2015	  
	  
Interviewer:	  
Thank	  you	  very	  much	  for	  taking	  part	  in	  this	  interview.	  	  
	  
Expert	  2:	  
OK	  
	  
Interviewer:	  
Q1.	  Can	  I	  ask	  you	  to	  explain	  your	  background	  of	  expertise	  in	  printed	  electronics?	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The	  expert’s	  response	  to	  this	  question	  has	  been	  removed	  so	  the	  individual	  can	  remain	  
anonymous.	  
	  
Interviewer:	  
Ok,	   so	   the	  purpose	  of	   this	   semi-­‐structured	   interview	   is	   to…(text	  document	   read	   to	  
interviewee).	  
	  
Expert	  2:	  
Ok	  
	  
Interviewer:	  
So	  with	  this	  Taxonomy,	  	  
Q2.	  Are	  the	  classifications	  of	  the	  taxonomy	  appropriate	  and	  accurate?	  
	  
Expert	  2:	  
Well	   that’s	   a	   very	   big	   question,	   umm…	   (pause	   as	   knock	   at	   the	   door	   and	   quick	  
conversation)	  
Right,	  now	  that’s	  a	  big	  question	  isn’t	  it	  really,	  because	  it’s	  quite	  a	  complicated	  thing,	  
and	   just	   to	   ask	   me	   whether	   it…what	   was	   your	   words	   again?	   Is	   it	   appropriate	   or	  
accurate?	  
	  
Interviewer:	  
Yes	  
	  
Expert	  2:	  
Well	  it’s	  a	  map	  isn’t	  it,	  but	  it’s	  a	  map	  of	  a	  non-­‐geographic	  space,	  so	  I	  guess	  part	  of	  it	  
depends	   on	   the	   minds	   of	   the	   people	   who	   put	   it	   together.	   So	   you’ve	   got	   active	  
components	  and	  passive	  components,	  that’s	  a	  fairly	  standard	  split	  in	  electronics,	  the	  
way	   you	   classify	   things,	   and	  we’ve	   got	   some	   power	   sources	   and	   you’ve	   got	   some	  
interconnect.	  Sensors	  and	  displays,	   I	   can	  see	  all	  of	   that,	   that	  all	   seems	  reasonable.	  
Conductive	  inks,	  resistors,	  capacitors,	   inductors,	  semi	  conductive	  diodes,	  transistor.	  
Why	  have	  you	  got	  plural	  ‘diodes’	  and	  only	  a	  single	  transistor?	  That	  seems	  an	  error.	  
	  
Interviewer:	  
I	  think	  I’d	  probably	  add	  an	  ‘s’	  on	  the	  end.	  
	  
Expert	  2:	  
I	   think	   you’d	   probably	   add	   an	   ‘s’	   there,	   there	  we	   go.	   Non	   rechargeable	   batteries,	  
rechargeable	   batteries,	   super	   capacitors.	   So	   I	   think	   I’m	   happy	   with	   it	   up	   to	   there	  
because	   that	   seems	   reasonably,	   sort	   of	   standard	   really,	   and	   then	   you	   start	   to	  
basically	   just	   split	   them	   down	   between	   the	   printing	   platforms.	   That	   seems	   fair	  
enough,	  I’m	  sure	  that	  there	  are	  other	  printing	  platforms	  you	  could	  put	  down	  there.	  
But,	  you	  see,	  in	  a	  sense,	  your	  taxonomy	  of	  printed	  electronics	  is	  really	  a	  taxonomy	  of	  
electronics,	  with	  some	  printing	  platforms	  stuck	  on	  the	  end	  of	   it,	   isn’t	   it?	  Ok,	   that’s	  
one	   comment,	   and	   then	   you’ve	   added	   some	   sensors	   and	   displays,	   as	   a	   sort	   of,	   a	  
thought	   that	   these	   are	   also	   elements	   in	   electronic	   systems	   I	   suppose.	   Indicator,	  
single	  pixel	  on	  off,	  low	  resolution	  alpha	  numeric,	  high	  resolution	  graphic.	  Yeah	  I	  think	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it’s	   reasonable,	   but	   in	   essence,	   you’ve	   taken	   a	   kind	   of	   taxonomy	   of	   electronics	  
systems	   and	   then	   you’ve	   just	   added	   these	   little	   boxes	   on	   the	   end.	   Is	   that	   enough	  
then?	  
	  
Interviewer:	  
Yes,	  I	  mean,	  are	  there	  any	  other	  printing	  processes	  that	  you	  would	  include	  in	  those?	  
	  
Expert	  2:	  
Umm,	   I	   think	   you’ve	   got	   the	   main	   ones,	   I	   mean	   you	   can	   take	   them	   down	   into	  
smaller,	  there	  are	  different	  versions	  of	  lithographic	  printing,	  and	  we	  always	  called	  it	  
offset	   lithographic	   because	   it	   then	   didn’t	   get	   confused	   so	   much	   with	  
photolithography	   which	   is	   a	   way	   of	   making	   PCBs	   and	   it’s	   effectively	   a	   way	   of	  
patterning	  all	  sorts	  of	  things	  in	  electronics.	  So	  just	  in	  terms	  of	  the	  name,	  I	  mean	  we	  
often	   just	  used	   to	   call	   it	   offset	   litho,	   so	   that’s	   a	  printing	  process	   really	  whereas,	   if	  
you,	  I	  mean	  what	  do	  the	  words	  mean?	  Lithographic	  means	  pictures	  from	  stone,	  did	  
you	  know	  that?	  
	  
Interviewer:	  
(nods	  head	  in	  agreement)	  
	  
Expert	  2:	  
Yeah	  ok,	  so,	  at	  least	  in	  terms	  of	  the	  way	  the	  offset	  litho	  process	  worked,	  that’s	  a	  very	  
literal	  description	  of	  it,	  but	  it’s	  been	  taken	  by	  the	  PC	  industry	  to	  describe	  all	  sorts	  of	  
other	   ways	   to,	   patterning	   things.	   Ok,	   so,	   that’s	   probably	   the	   most	   pertinent	  
comment	  really,	  umm,	  I	  mean,	  I	  suppose	  the	  other	  thought	  that’s	  in	  my	  mind	  is	  that	  
if	  you’re	  going	  to	  do	  something	  for	  the	  modern	  world,	  then	  why	  don’t	  you	   include	  
3D	  printing	  processes	   in	  your	   taxonomy?	  Because	  what	  we’re	  moving	   towards	   is	  a	  
kind	  of	  multi	  material	   integration	  of	  electronics	   into	  printed	  objects,	   it	  seems	  a	  bit,	  
kind	  of	  20th	  century,	  not	  to	  include	  that	  in	  your	  taxonomy	  really.	  What	  do	  you	  think	  
about	  that?	  
	  
Interviewer:	  
Yes	   it’s	   definitely	   interesting;	   I	   know	   that	   you	   can	   actually	   3D	   print	   electronic	  
materials	  as	  well	  now.	  
	  
Expert	  2:	  
We’ve	  got	  one	  of	  our,	  that’s	  what	  one	  of	  our	  PhD	  students	  is	  doing	  basically,	  printing	  
energy	  storage	  in	  additive	  structures,	  so,	  I	  would	  have	  thought	  that	  might	  be	  a	  kind	  
of	  forward	  looking	  adaption	  really.	  What	  other	  thoughts	  do	  I	  have	  about	  it;	   I	  mean	  
there	   are	   lots	   of	   variations	   on	   all	   of	   those	   processes,	   you	   can	   have	   flat	   screen	  
printing,	  you	  can	  have	  rotary	  screen	  printing	  as	  well	  as	  the	  different	  forms.	  You	  can	  
then	  have	  dry	  litho,	  and	  you	  can	  have,	  well	  you	  can	  have	  various	  different	  variations	  
on	  a	  lot	  of	  them,	  and	  I’m	  sure	  you	  can	  have	  the	  same	  sorts	  of	  variation	  gravure	  and	  
flexo,	  although	  I	  don’t	  know	  the	  details	  of	  them.	  But	  given	  that	  you	  want	  to	  have	  the	  
thing	  readable,	  I	  think	  it’s	  fair	  enough	  really.	  Ok,	  is	  that	  enough	  on	  that?	  
	  
Interviewer:	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Yes,	  sure.	  
	  
Expert	  2:	  
Have	  you	  got	  another	  thing	  there?	  
	  
Interviewer:	  
Yes	  
	  
Expert	  2:	  
TRL	  
	  
Interviewer:	  
So,	  with	  the	  technology	  readiness	  scale,	  
Q3.	  Is	  the	  scale	  an	  accurate/appropriate	  way	  of	  grading	  the	  technology	  readiness	  
of	  existing	  printed	  electronics	  examples?	  
	  
Expert	  2:	  
Well	  it’s	  accepted	  by	  the	  government,	  by	  Innovate	  UK,	  it’s	  in	  the	  research	  council,	  so	  
it’s	  an	  important	  word,	  trying	  to	  classify	  these	  things.	  So,	  it’s	  obviously,	  has	  it’s	  uses;	  
but	  in	  terms	  of	  its	  particular	  application	  to	  printed	  electronics…(looking/reading)	  
Can	  you	  go	  through	  the	  question	  again?	  What	  was	  it?	  Was	  it,	   is	   it	  valid	   in	  terms	  of	  
applicability	  to	  printed	  electronics?	  Is	  that	  what	  you	  basically	  said?	  
	  
Interviewer:	  
Yes,	   so	   ‘is	   it	   an	   accurate/appropriate	   way	   of	   grading	   the	   technology	   readiness	   of	  
printed	  electronics’?	  
	  
Expert	  2:	  
I	  think	  it’s	  an	  accurate	  way	  of	  trying	  to	  grade	  it,	  but	  it	  won’t	  necessarily	  solve	  the	  key	  
problems	  with	  commercialisation,	  but	   it’s	  useful	   to	   try	   to	  put	   it	  on	  a	   scale	   I	  guess.	  
You	   know,	   it	   helps	   people	   think	   about	   how	   they	   operate	  within	   the	   research	   and	  
development	  landscape	  I	  guess.	  So	  yeah,	  ok,	  is	  that	  it	  then?	  
	  
Interviewer:	  
That’s	   it,	   so	   thank	   you	   very	   much	   for	   giving	   up	   your	   time	   to	   take	   part	   in	   this	  
interview,	  
Q4.	  Can	   I	   finally	   ask	   you	   if	   you	   think	   there	   are	   any	   aspects	   about	   the	  presented	  
information	  that	  have	  not	  been	  covered	  in	  this	  interview?	  
	  
Expert	  2:	  
Umm,	  I’m	  just	  having	  a	  proper	  read	  of	  this	  (referring	  to	  PE	  TRL	  scale)	  before	  we	  shut	  
it	  down,	  and	  you	  go	  away	  really.	  I	  suppose	  the	  interesting	  thing	  about	  the	  TRL	  is	  the	  
use	  of	  words	  ‘economic	  runs’,	  because	  that’s	  the	  challenge,	  no	  one,	  I	  don’t	  feel	  very	  
close	  to	  the	  field	  as	  an	  expert	  at	  the	  moment,	  but	  I	  do	  work	  through	  one	  of	  my	  PhD	  
students	  with	   an	   active	   electronics	  manufacturing	   consultant,	   and	   he	  would	  most	  
definitely	  probably	  say	  that	  there’s	  been	  no	  ‘killer	  application’	  that	  has	  really	  taken	  
printed	  electronics	  to	  a	  commercial	  stage.	  So,	  although	  there	  are	  various	  people	  that	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are	  operating	  in	  this	  space	  and	  trying	  to	  drive	  printed	  electronics	  up	  into	  these	  very	  
high	  TRL	  levels,	  really,	  the	  amount	  of	  applications	  that	  have	  got	  above	  6,	  if	  you	  are	  
going	  to	  really	  interpret	  that	  strictly,	  are	  probably	  not	  very	  high.	  Because,	  as	  far	  as	  I	  
understand	  it,	  printed	  electronics	  really	  hasn’t	  found	  the	  ‘killer	  app’	  to	  displace	  other	  
technologies.	  Do	  you	  think	  it	  has?	  What	  do	  you	  think?	  You’ve	  been	  looking	  at	  this	  for	  
two	  years.	  
	  
Interviewer:	  
I	  think	  there’s	  been	  some	  applications	  emerging,	  but	  it	  does	  seem	  to	  be	  in	  the	  maker	  
community	  or	  in	  packaging.	  
	  
Expert	  2:	  
Yes,	  packaging	  has	  got	  probably	   the	  greatest	  potential	   I	   suppose,	  but	   that	  brings	  a	  
whole	   load	   of	   other	   questions	   really,	   including	   the	   environmental	   impacts	   of	  
packaging	  when	  you	  put	  electronic	  materials	  on	  them,	  but	  anyway,	  that’s	  probably	  
another	   story.	  But	   anyway,	   that’s	   just	   a	   comment	  on	   this	   really,	   once	  you	   start	   to	  
bring	   in	   the	   words	   ‘economic’	   and	   into	   true	   commercialisation,	   you	   raise	   lots	   of	  
questions	  really	  with	  printed	  electronics.	  Is	  that	  enough?	  
	  
Interviewer:	  
Yes	  
	  
Expert	  2:	  
You	  could	  go	  and	  find	  [name]	  now	  couldn’t	  you?	  Is	  that	  it?	  
	  
Interviewer:	  
Just	  a	  couple	  more	  
	  
Expert	  2:	  
Yeah	  
	  
	  
Interviewer:	  
Q6.	  With	  your	  experience	  working	  in	  the	  printed	  electronics	  industry,	  in	  relation	  to	  
this	  research,	  is	  there	  anything	  else	  that	  you	  would	  like	  to	  add,	  or	  that	  you	  think	  I	  
should	  be	  considering?	  
	  
Expert	  2:	  
I	  was	  sort	  of	  thinking	  about,	  you’ve	  basically	  taken	  the	  elements	  of	  a	  system	  and	  sort	  
of	  decomposed	  them	  down.	  Are	  there	  any	  generic	  classifications	  for	  the	  clusters	  of	  
the	  system	  components	  that	  need	  new	  or	  novel	  ways	  of	  describing	  them?	  It’s	  just	  a	  
thought	   really.	   I	   suppose	   I	   expected	   that	   it	  was	   going	   to	  be	  much	  of	   about	  use	  of	  
language	   really,	   what	   you’ve	   done,	   but	   perhaps	   that’s	   because	   I	   don’t	   really	  
understand	  taxonomies.	  Because	  for	  me,	  what	  you’ve	  presented	  me	  is	  a	  sort	  of	  way	  
of	   describing	   the	   elements	   of	   an	   electronics	   system	   really,	   and	   then	   added	   a	  
description	  of	  five	  processes	  on	  the	  end	  to	  each	  of	  them.	  So,	  I	  guess	  that’s	  ok	  really,	  I	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mean,	   I’m	  interested	   in	  what	  the	  value	  of	  what	  you’re	  doing	   is.	  What	  do	  you	  think	  
the	  significance	  is?	  And	  how	  is	  it	  going	  to	  be	  useful?	  
	  
Interviewer:	  
So,	  with	  this	  information	  when	  it’s	  been	  validated,	  I’d	  like	  to	  present	  the	  information	  
to	  industrial	  designers	  and	  product	  designers.	  
	  
Expert	  2:	  
Yeah	  
	  
Interviewer:	  
And	  so	  if	  they’re	  aware	  of	  it,	  then	  they	  can	  design	  with	  it	  in	  the	  future.	  
	  
Expert	  2:	  
Ok,	  I	  think	  it	  would	  be	  very	  interesting	  to	  present	  the	  information	  just	  as	  a	  taxonomy	  
of	  electronics	  to	  product	  designers,	  and	  see	  whether	  they	  react	  any	  differently	  to	  it	  
as	   a	   taxonomy	   of	   printed	   electronics.	   I	   guess	   most	   of	   them	   will	   be	   reasonably	  
familiar	  with	  this,	  as	  a	  sort	  of	  system	  decomposition.	   I	  think	  that	  might	  be	  it,	  don’t	  
you?	  Have	  you	  got	  another	  question?	  
	  
Interviewer:	  
Yes,	  umm,	  I	  can’t	  remember	  if	  I’ve	  asked	  this	  question,	  
Q5.	  Are	  there	  any	  questions	  you	  would	  like	  to	  ask?	  
	  
Expert	  2:	  
I’ve	   asked	   you	   a	   few,	   because	   I	   quite	   like	   to	   ask	   questions.	   I	   think	   I’ve	   asked	  my	  
questions	  as	  I	  go	  along,	  is	  there	  anything	  else?	  
	  
Interviewer:	  
Also	  just	  for	  the	  final	  part,	  
Q7.	  Lastly,	  using	  the	  four	  examples	  provided	  and	  the	  printed	  electronics	  TRL	  scale,	  
could	  I	  ask	  you	  to	  assign	  the	  TRL	  number	  that	  you	  feel	  each	  example	  has	  reached	  in	  
the	  blue	  boxes	  provided?	  
So	  it’s	  just	  three	  pieces	  of	  information,	  just	  the	  history	  behind	  it,	  a	  recent	  example,	  
and	  then	  to	  grade	  that	  recent	  example.	  	  
I’m	  just	  going	  to	  check	  the	  cameras	  as	  well.	  
	  
Expert	  2:	  	  
Ok,	  so	  you	  want	  me	  to	  grade	  a	  lithographically	  printed	  resistor	  as	  a	  TRL	  grading?	  
	  
Interviewer:	  
Yes	  
	  
Expert	  2:	  
And,	  capacitor…(reading	  information).	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Well	  it’s	  a	  bit	  difficult,	  so,	  the	  basis	  on	  which	  I	  am	  meant	  to	  give	  them	  a	  TRL	  grade,	  is	  
it	   meant	   to	   be	   on	   my	   guess	   on	   where	   they’ve	   got	   to?	   Or,	   based	   on	   the	   recent	  
example?	  Although	  some	  of	  the	  recent	  examples	  go	  back	  quite	  a	  long	  time.	  
	  
Interviewer:	  
The	  recent	  example;	  so	  that	  one	  is	  2000,	  but	  some	  of	  them	  are	  2015,	  and	  this	  one	  as	  
well.	  
	  
Expert	  2:	  
So,	  looking	  at	  those,	  I’m	  meant	  to	  try	  to	  grade	  the	  TRL	  level,	  so	  I’m	  really	  basing	  it	  on	  
here	  (20:54),	  from	  what	  I	  can	  read	  from	  here,	  is	  that	  right?	  
	  
Interviewer:	  
Yes	  
	  
Expert	  2:	  
So	  these	  all	   sound	  to	  me	   like	   lab	  based	  studies,	  ok,	  so	  working	  on	  your,	   ‘proof	  of’,	  
they’re	  either,	  they’re	  starting	  at	  that,	  do	  any	  of	  them	  specifically	  refer	  to	  prototype	  
demonstration	  and	  the	  validation	  on	  production	  equipment?	  (reading	  information)	  	  
Process	  compatibility	  (reading	  information)	  	  
Well	  I’d	  probably	  give	  that,	  that	  one	  is	  4	  to	  5	  I	  think,	  I	  mean	  you	  could	  say	  it	  was	  on	  
production	  equipment,	  but	  it	  was	  really	  in	  a	  lab,	  and	  it	  was	  under	  lab	  conditions,	  so	  I	  
guess	  it’s	  probably	  4.	  Alright?	  
	  
Interviewer:	  	  
Yeah	  
	  
Expert	  2:	  
Good,	   you	   seemed	   to	   like	   that,	   so	   that’s	   good.	  Umm,	   the	   first	   to	   be	   printed	   on	   a	  
flexible	   substrate?	   An	   inkjet	   printed	   one	  maybe.	  Well	   I	   think	   that’s	   probably	   4	   as	  
well,	   it	   was	   printed	   with	   a	   Dimatix	   inkjet	   printer,	   but	   I	   mean,	   it	   is	   kind	   of	   lab	  
equipment	  really	  again,	  I	  think	  that’s	  probably	  a	  4.	  
Maybe	  this	  isn’t	  what	  you	  want,	  I	  don’t	  know,	  maybe	  you	  want	  it	  to	  do	  better	  than	  
that.	  	  
I	   think	   to	   go	   beyond	   that,	   I	   would	   expect	   to	   see	   work	   from	   somewhere	   like	   CPI,	  
they’re	  a	  centre	  that’s	  particularly	  been	  set	  up	  with	  a	  lot	  of	  government	  funding	  to	  
do	  the	  next	  phase,	  steps	  towards	  commercialisation.	   If	   I	   saw	  that	   in	   the	  examples;	  
and	  I	  am	  meant	  to	  be	  basing	  this	  on	  examples,	  not	  guessing	  how	  far	  the	  world	  has	  
moved	  on	  from	  then?	  Is	  that	  right?	  
	  
Interviewer:	  
So	  just	  on	  this,	  recent	  examples	  
	  
Expert	  2:	  
So	  just	  on	  the	  example,	  alright,	  so	  it’s	  like	  a	  sort	  of	  legal	  question	  in	  a	  way.	  It’s	  about	  
using	  the	  words	  and	  then	  inferring	  from	  the	  words	  what	  the	  state	  is	  in	  relation	  to	  the	  
TRL,	  is	  that	  right?	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Interviewer:	  
(Nods	  head	  in	  agreement)	  
	  
Expert	  2:	  
A	  slot	  die	  coater	  (reading	  information)	  
	  
Interviewer:	  
I	  also	  have	  the	  references,	  if	  you	  would	  like	  to	  look	  at	  any	  of	  them	  any	  closer	  at	  all.	  
	  
Expert	  2:	  
(Exhales)	  I	  suppose	  I	  could,	  have	  you	  got	  them	  here	  then?	  
	  
Interviewer:	  
Yes	  
	  
Expert	  2:	  
Well,	  go	  on	  then,	  let	  me	  have	  a	  look	  at	  this	  one.	  
	  
Interviewer:	  
Ok,	  that’s	  Chang	  isn’t	  it?	  
	  
Expert	  2:	  
Mmm	  (agreeing)	  
Well	  you	  might	  as	  well	  give	  me	  the	  other	  one	  as	  well,	  which	   is	  Zoo,	  oh	  no	   it’s	  not	  
Zoo,	  it’s	  McKerricher.	  
	  
Interviewer:	  
That’s	  Chang’s,	  and	  which	  was	  the	  other	  one	  sorry?	  
	  
Expert	  2:	  
That	  one,	  McKerricher	  
(reading/skimming	  	  paper	  presented/requested)	  
Quite	   interesting,	   see	   I	   would	   say	   that	   was	   definitely	   a	   lab	   based	   one.	   It’s	   a	   very	  
interesting	  bit	  of	  work,	  but	  the	  paper’s	  about	  the	  electronics,	  it	  doesn’t	  say	  anything	  
about	  the	  method	  of	  making	  it	  really,	  not	  a	  lot.	  So	  I	  think	  that’s	  definitely	  a	  4.	  
(reading/skimming	  	  paper	  presented/requested)	  
Yep,	   I	  mean	  it	  even	  says	   it	   in	  the	  paper	  doesn’t	   it,	  the	  process	  provides	  a	  first	  step	  
towards	  fabrication	  of	  RF	  matching	  circuits	  or	  something	  like	  that.	  So	  that’s	  clearly	  a	  
4.	  
I	   suppose	   some	   of	   them	  might	   be	   below	   4,	   experimental	   proof	   of	   concept,	   proof	  
concept	  validation,	  I	  hadn’t	  really	  thought	  about	  it,	  below	  4’s,	  that	  it	  might	  be	  below	  
4’s.	  Well,	  if	  it’s	  below	  4	  then;	  in	  all	  of	  these	  things	  you’ve	  got	  a	  historic	  one,	  so	  you	  
would	   have	   thought	   they	   would	   have	   moved	   on	   from	   that,	   so	   you	   would	   have	  
thought	  that	  one	  would	  be	  a,	  3.	  Can	  you	  see	  what	  I	  mean?	  Almost	  by	  definition,	  if	  a	  
paper	  moves	  on	  beyond	  a	  history	  paper,	  then	  it	  has	  to	  be	  a	  4.	  (shrugs)	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I	  don’t	  know,	  it	  all	  really	  depends	  what	  the	  validation	  means	  doesn’t	  it.	  What	  do	  you	  
think	   ‘validation’	   means	   in	   that	   case?	   Do	   you	  mean	   actually	   that	   they’ve	   actually	  
characterised	  something	  that	  someone’s	  done	  before?	  Or	  do	  you	  mean	  that	  they’ve	  
done	  it	  quite	  well?	  
	  
Interviewer:	  
Um,	  so,	  the	  ‘validation’	  is	  that	  it	  actually	  functions,	  it	  works.	  
	  
Expert	  2:	  
Ok,	  well	  all	  of	   these	  papers	  should	  be	  describing	   functional	  devices	  aren’t	   they,	   so	  
they	  are	  in	  that	  sense	  validation.	  So	  what	  is	  an	  experimental	  proof	  of	  concept	  then?	  
	  
Interviewer:	  
So,	  that	  would	  be	  looking	  at	  previous	  work	  and	  seeing	  that	  it	  does	  actually	  work,	  so	  
somebody	  else	  has	  proven	  that	  it	  does	  work,	  so	  the	  ‘idea’	   isn’t	  ‘just	  and	  idea’,	  that	  
there	  is,	  sort	  of,	  proof	  out	  there	  about	  it.	  
	  
Expert	  2:	  
So	  that	   it	  does	  work?	  But	  you’ve	  basically	  told	  me	  the	  same	  about	  3	  and	  4,	  you’ve	  
said	  that	   it	  actually	   just,	  proof	  that	   it	  actually	  works.	  Aren’t	  they	  both	  proof	  that	   it	  
works?	  What’s	  the	  difference	  between	  3	  and	  4	  then?	  
	  
Interviewer:	  
So,	   um,	   4	   would	   be	   that	   they’ve,	   for	   example	   it	   could	   be	   that	   they’ve	   proven	   it	  
themselves	  in	  a	  laboratory,	  and	  the	  experimental	  proof	  of	  concept	  could	  be	  looking	  
at	  others’	  work.	  
	  
Expert	  2:	  
Because	  as	  far	  as	  I	  can	  see,	  both	  these	  papers	  fit	  under	  4	  then,	  that	  they’ve	  proven	  it	  
themselves	  in	  a	  laboratory.	  Do	  you	  think	  so?	  
	  
Interviewer:	  
I	  don’t	  want	  to	  influence	  what	  you	  say.	  
	  
	  
Expert	  2:	  
But	  you	  have	  to	  define	  the	  terms	  of	  the	  taxonomy	  that	  you’re	  using	  (referring	  to	  TRL	  
not	  taxonomy),	  which	  is	  what	  you’ve	  tried	  to	  do.	  As	  far	  as	  I	  can	  see,	  those	  look	  like	  
4’s	  to	  me.	  I	  don’t	  think	  they’re	  just	  3’s	  and	  I	  don’t	  think	  they’re	  2’s	  and	  1’s.	  And	  what	  
about	  the	  old	  gravure	  super	  capacitor,	  2003,	  (reading	  information).	  Can	  I	  have	  a	  look	  
at	  the	  paper	  for	  that	  one	  as	  well?	  
	  
Interviewer:	  
Sure	  
	  
Expert	  2:	  
That	  is	  Lee	  
	   458	  
	  
Interviewer:	  	  
Lee,	  yeah	  
	  
Expert	  2:	  
Pretty	  picture	  (talking	  about	  front	  cover	  of	  reference)	  	  
(reading/skimming	  paper)	  
I	   think	   I’m	   coming	   around	   to	   a	   4	   for	   that	   one	   as	   well	   really.	   Proof	   of	   concept	  
validation,	   (looks	   at	   paper	   again),	   yeah,	   it’s	   a	   4.	   I	   always	   think	   by	   definition,	   that	  
things	  that	  academics	  do	  in	  their	  laboratories	  can	  really	  come	  above	  4.	  It’s	  there	  in	  
the	  words	  isn’t	  it,	  it’s	  almost	  like	  saying	  to	  me	  ‘were	  these	  done	  in	  a	  laboratory,	  and	  
do	  they	  work?’	  and	  that	  seems	  to	  me	  like	  the	  logical,	  sort	  of	  conclusion	  to	  take.	  They	  
all	  seem	  to	  have	  been	  done	  in	  a	  laboratory,	  and	  they	  all	  seem	  to	  work,	  so	  I’m	  going	  
to	  give	  them	  all	  4.	  There	  we	  are,	  does	  that	  sound	  logical?	  
	  
Interviewer:	  
Thank	  you	  
	  
Expert	  2:	  
There	  we	  are,	  can	  I	  go	  to	  my	  exam	  board	  now?	  
	  
Interviewer:	  
Yes	  sure,	  thanks	  very	  much	  for	  your	  time	  
	  
	  
	  
Appendix	   5.6:	   Interview	   with	   ‘Expert	   3’	   on	   22nd	  
June	  2015	  
	  
Interviewer:	  
Thank	  you	  for	  taking	  part	  in	  this	  interview.	  	  
Q1.	  Can	  I	  ask	  you	  to	  explain	  your	  background	  of	  expertise	  in	  printed	  electronics?	  
	  
The	  expert’s	  response	  to	  this	  question	  has	  been	  removed	  so	  the	  individual	  can	  remain	  
anonymous.	  
	  
Interviewer:	  
Ok,	   thank	   you,	   so	   the	   purpose	   of	   this	   semi-­‐structured	   interview	   is	   to…(text	  
document	  read	  to	  interviewee).	  
Here	  is	  the	  first	  
	  
Expert	  3:	  
Thank	  you.	  So	  you’d	   like	  me	  to	  work	  my	  way	  down	  this	   list	  and	   indicate	  where	  we	  
are,	   looking	   at	   the	   top	   of	   this	   chart	   we’ve	   got	   printed	   electronics,	   interconnect,	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conductive	   inks,	   and	   are	   you	   asking	   me	   which	   inks	   we’ve	   worked	   with,	   which	  
processes?	  
	  
Interviewer:	  
So	  the	  Taxonomy	  as	  a	  whole,	  I	  just	  wanted	  to	  ask	  
Q2.	  Are	  the	  classifications	  of	  the	  taxonomy	  appropriate	  and	  accurate?	  
	  
Expert	  3:	  
Yes	  they	  are,	  we’ve	  looked	  at	  screen	  printing,	  gravure,	  flexographic,	  litho,	  and	  inkjet.	  
We	  can	  add	  to	  that	  ‘hot	  embossing’,	  if	  that’s	  something	  that	  you	  wanted	  to	  include,	  
but	   it’s	   not	   strictly	   a	   printing	   process.	   In	   terms	   of	   resistors,	   yes	   we’ve	   examined	  
making	   resistors	   by	   all	   of	   those	   processes;	   and	   capacitors	   also.	   Umm,	   inductors,	  
we’ve	   not	   really	   focussed	   on,	   we	   were	   aware	   that	   obviously	   making	   electronic	  
conductors	   gives	   you	   the	   ability	   to	  manufacture	   an	   inductor,	  we’ve	  manufactured	  
some	  structures	  that	  have	  inductive	  properties	  at	  microwave	  frequencies,	  and	  we’ve	  
done	  this	  by	  printing	  conductive	  tracks	  and	  over	  printing	  with	  various	  ferrite	  layers.	  
That	   particular	   experiment	   didn’t	   really	   succeed	   and	   we	   didn’t	   pursue	   it;	   so	  
inductors,	  we’ve	  not	  really	  focussed	  on.	  	  
Looking	   down	   the	   chart	   to	   active	   components,	   semiconductor	   diodes,	   quite	  
interesting,	  umm,	  we’ve	  manufactured	  some	  structures,	  actually	  [name]	  and	  I	  were	  
instigators	  of	  doing	  this,	  using	  silicon	  materials	  suspended	  in	  an	  organic	  binder.	  And	  
we	  got	   some	  very	   interesting	   results,	  but	  we	  haven’t	   yet	  published.	   I,	  myself	  have	  
used	   semiconductors,	   not	   as	   diodes,	   but	   as	   intrinsic	   semiconductors,	   as	  
thermographic	   or	   thermometric	   elements,	   we	   made	   thermistors	   by	   printing,	   we	  
used	  copper	  two	  oxide	  in	  that	  role.	  	  
We’ve	  looked	  at,	  we’ve	  considered	  whether	  it’s	  possible	  to	  print	  transistors,	  but	  as	  
we	   haven’t	   got	   any	   PN	   junctions	   yet,	   bipolar	   transistors	   are	   not	   really	   something	  
we’ve	  investigated.	  Field	  effect	  transistors,	  possible,	  but	  we’ve	  not	  done	  very	  much	  
work	   on	   it,	   and	   [name]	   is	   the	   expert	   in	   primary	   cell	   batteries	   and	   secondary	   cell	  
batteries.	  And	  super	  capacitors,	  well	  that	  might	  be	  your	  [name].	  
So	  moving	  across	  to	  sensors,	  biosensors,	  we	  did	  some	  preliminary	  investigations	  as	  
to	  whether	   or	   not	  we	   could	   print	   biosensors	   to	   detect	   insulin	   in	   blood.	   There’s	   a	  
company	  called	  Medisense,	  which	  were	  around	  Reading	  area,	  Oxfordshire,	  Reading	  
area,	   I	   remember	   that	   we	   went	   to	   see	   them	   fairly	   early	   on.	   And	   this	   particular	  
company,	  we	  ran	  into	  some	  highly	  commercial	  activity,	  I	  won’t	  describe	  it	  any	  more	  
strongly,	  where	  they	  essentially	  had	  an	  interview	  with	  us	  and	  then	  they	  asked	  us	  to	  
sign	  a	  piece	  of	  paper,	  handing	  over	  any	  intellectual	  property	  we	  discovered	  to	  their	  
company.	   It	  was	   in	   the	   small	   print,	   and	  we	   spotted	   it.	   Basically	  Medisense	  makes	  
some	  devices	  for	  measuring	  insulin	  in,	  of	  measuring	  glucose	  in	  blood,	  I’m	  sorry,	  not	  
insulin;	   and	   these	   sensors	   were	   by	   an	   enzyme	   which	   is	   deposited	   on	   a	   printed	  
substrate,	  and	  you	  add	  a	  drop	  of	  blood,	  and	  the	  enzyme	  reacts	  with	  the	  glucose	  in	  
the	  blood,	  produces	  a	   voltage	  and	  a	   little	  box	   that	   the	   sensor	  plugs	   into,	  with	   the	  
sensors	   being	   disposable,	   registers	   your	   blood	   glucose	   level,	   we	   wondered	   if	   we	  
could	  print	  those.	  We	  were	  dissuaded	  from	  going	  any	  further	  because	  silver	  metal,	  
which	  is	  the	  thing	  that	  we	  use	  in	  our	  conductive	  inks,	  is	  apparently	  problematic	  with	  
the	  enzyme	   concerned.	  We	  were	   going	   to	   look	   at	   a	   rather	  more	   robust	   enzyme,	   I	  
think	   it	  was	   ‘horseradish	  peroxidase’	  which	  we	  were	   lead	   to	  believe	   is	   particularly	  
	   460	  
difficult	   to	  damage,	   to	   see	  whether	  we	  could	  get	   that	   to	  go	   through	  a	   litho	  press,	  
that’s	  something	  that	  we	  never	  did.	  
Capacitive	   touch,	   ‘screens’	   I	   would	   imagine,	   we’ve	   not	   looked	   at.	   We’ve	   had	   a	  
postgrad,	  one	  of	  my	  postgrads	  [name]	  who	  looked	  at	  strain	  gages.	  Then	  he	  went	  on	  
to	   do	   capacitors,	   so	  we’ve	   got	   publications	   in	   strain	   gage	   and	   in	   capacitance,	   and	  
that	   went	   onto	   humidity	   measurement,	   because	   the	   same	   structures	   respond	   to	  
humidity.	   Blue	   Ramsey	   left	   to	   form	   his	   own	   company	   measuring	   humidity,	   so	   he	  
makes,	   probably	   amongst	   other	   things	   now,	   humidity	   chambers	   for	   the	  
pharmaceutical	   and	   similar	   industries,	   where	   you	   need	   to	   have	   precise,	   a	   small	  
volume	   of	   air,	   precisely	   controlled	   humidity,	   and	   that	   came	   out	   of	   our	   humidity	  
work.	  
Photodetectors,	  well,	   light	  sensors,	  something	  we’re	  looking	  at	  at	  the	  moment,	  but	  
not	  by	  printing	  processes.	  	  
Temperature	  sensors,	  we’ve	  covered	  with	  our	  work	  on	  copper	  two	  oxide.	  	  
Gas	   sensors,	   no,	   but	   there	   is	   a	   potential	   for	   doing	   it,	   because	   if	   you	   can	   get	   a	  
semiconductor	   to	   layer,	   very	   often	   you	   can	   get	   gas	  molecules	   to	   adsorb	   onto	   the	  
surface	  and	   it	   can	  change	   the	  conductivity,	  but	   that’s	   something	   that	  we	  might	  be	  
interested	  in	  looking	  at.	  
Pixels,	   umm,	   indicators,	   yes	   we’ve	   done	   those,	   we’ve	   printed	   a	   heater	   behind	   a	  
thermochromics	   paint	   layer,	   so	   turning	   on	   the	   heater	   changes	   the	   colour,	   it’s	   low	  
resolution,	  it’s	  very	  slow	  to	  operate;	  and	  alpha	  numeric,	  we’ve	  looked	  at.	  
High	   resolution	   graphics,	   no,	   not	   yet,	   unless	   of	   course	   your	   thinking	   in	   terms	   of	  
backlighting,	  because	  one	  of	  the	  things	  that	   I’ve	  worked	  on	  are	  electroluminescent	  
displays,	  which	  would	  be	   suitable	   for	  backlighting	   liquid	   crystal	   display	  devices.	   So	  
we’ve	   got	   some	   experience	   in	   low	   voltage	   electroluminescent	   displays,	   by	  making	  
very	  very	  small	  structures	  that	  give	  you	  the	  high	  field	  that	  you	  need	  to	  energise	  the	  
electroluminescent	  phosphor.	  	  
	  
Interviewer:	  
Ok,	  thank	  you,	  I’ll	  hand	  you	  this	  (handing	  over	  PE	  TRL	  scale)	  
	  
Expert	  3:	  
Another	  piece	  of	  paper,	  thank	  you	  very	  much	  
	  
Interviewer:	  
So	  with	  regards	  to	  this	  technology	  readiness	  level	  scale,	  
Q3.	  Is	  the	  scale	  an	  accurate/appropriate	  way	  of	  grading	  the	  technology	  readiness	  
of	  existing	  printed	  electronics	  examples?	  
	  
Expert	  3:	  
I	   think	   so,	   umm,	   I’ve	   not	   seen	   this	   scale	   before,	   I’m	   surprised	   that	   I’ve	   not	   but	  
reading	  it	  through	  briefly,	  it	  does	  seem	  to	  be	  appropriate.	  
	  
Interviewer:	  
Ok,	  so	  thank	  you	  very	  much	  for	  your	  help	  and	  giving	  up	  your	  time	  to	  take	  part	  in	  this	  
interview.	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Expert	  3:	  
It’s	  not	  been	  very	  long	  
	  
Interviewer:	  
Q4.	   Can	   I	   finally	   ask	   you	   if	   you	   think	   there	   are	   any	   aspects	   about	   the	  presented	  
information	  that	  have	  not	  been	  covered	  in	  this	  interview?	  
	  
Expert	  3:	  
Not	   really,	  umm,	  possibly	   if	   you	  wanted	   to	  enlarge	  or	  expand	   this	  particular	   sheet	  
(taxonomy),	  you	  could	  look	  at	  electroluminescent	  materials.	  We’ve	  done	  some	  work	  
here,	  some	  other	  work	  has	  been	  done	  by	  [name].	  We’ve	  printed	  the	  structures	  that	  
produce	  the	  electric	  fields,	  and	  his	  specialty	  is	  manufacturing	  phosphors,	  so	  he	  was	  
really	  depositing	  phosphors	  that	  he’d	  manufacture	  onto	  our	  substrates	  to	  see	  if	  the	  
phosphors	  would	  work	   in	  conjunction	  with	  our	  printed	  films,	   I	  believe	  they	  do,	  but	  
he’s	  keeping	  a	  lot	  to	  his	  chest.	  I	  think	  he’s	  applying	  for	  some	  funding.	  
	  
Interviewer:	  
Ok,	  also,	  	  
Q5.	  Are	  there	  any	  questions	  that	  you	  would	  like	  to	  ask?	  
	  
Expert	  3:	  
No,	  not	  really,	  I	  think	  our	  preliminary	  chat	  covered	  everything.	  All	  I	  can	  say	  is	  I	  wish	  
you	  well	  with	  your	  research,	  and	  if	  we	  can	  help	  in	  future,	  I’d	  be	  glad	  to	  do	  so.	  
	  
Interviewer:	  
Fantastic,	  thank	  you	  
Q6.	  With	  your	  experience	  working	  in	  the	  printed	  electronics	  industry,	  in	  relation	  to	  
this	  research,	  is	  there	  anything	  else	  that	  you	  would	  like	  to	  add,	  or	  that	  you	  think	  I	  
should	  be	  considering?	  
	  
Expert	  3:	  
There	   is	   only	   one	   thing,	   my	   own	   feelings,	   are	   my	   own	   experience	   dealing	   with	  
commercial	   organisations	   is	   that	   they	   want	   a	   quick	   fix.	   This	   chart	   which	   we	   have	  
here,	   about	   technology	   readiness	   levels	   is	   particularly	   relevant,	   if	   you	   go	   into	   a	  
company	  they	  want	  something	  that	  really	  can	  roll	  down	  their	  production	  lines	  by	  the	  
end	   of	   the	   week.	   Some	   of	   the	   larger	   companies	   with	   more	   foresight	   are	   quite	  
prepared	  to	  come	  on-­‐board	  and	   join	  a	   research	  project	  and	  say	   ‘ok,	  we’ll	  give	  you	  
some	   resources	   or	   some	   payment	   in	   time,	   or	   kind,	   to	   help	   your	   research	   along,	  
because	  it’s	  relevant	  for	  our	  industry’.	  But	  at	  the	  same	  time	  you	  can	  go	  to	  electronic	  
manufacturing	  companies	  and	  you	  can	  say	   ‘well	  actually	  we’ve	  got	  something	   that	  
could	  replace	  in	  your	  industry,	  an	  existing	  product’.	  	  
I’ll	   highlight	   two,	   the	   first	   is	   keyboard	  matrices,	   if	   you’ve	   got	   a	   keyboard	   for	   a	   PC,	  
inside	  there’s	  a	  printed	  substrate	  which	  is	  done	  by	  screen	  printing,	  or	  it	  might	  even	  
be	   a	   traditional	   printed	  wiring	   board	  made	   by	   etched	   copper	   laminate	   processes.	  
And	  we	  demonstrated	  that	  we	  can	  print	  the	  matrices’	  that	  go	  into	  these	  keyboards	  
and	  they	  were	  quite	  reliable,	  we	  built	  several	  keyboards	  and	  used	  them	  in	  our	  every-­‐
day	   activities	   for	   quite	   some	   time,	   they	   proved	   quite	   reliable.	   And	   we	   can	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manufacture	  these	  things	  in	  about	  1%	  of	  the	  price	  of	  a	  printed	  circuit	  board,	  so	  you	  
would	   have	   thought	   ‘ahh,	   right,	   a	   company	   that	   manufactures	   lots	   of	   keyboards	  
would	  be	  interested’	  and	  we	  were	  working	  with	  a	  company	  on	  the	  Isle	  of	  White	  with	  
that	   in	   mind.	   Apparently,	   it	   transpires	   that	   if	   they	   move	   their	   production	   out	   to	  
China,	  which	  they	  did,	  they	  can	  make	  the	  conventional	  keyboards	  cheaper	  than	  we	  
can.	  And	  whether	  or	  not,	  if	  we	  moved	  our	  process	  out	  to	  China,	  we’d	  still	  have	  the	  
great	   commercial	   advantage,	   I	   don’t	   know,	  but	  we’d	   loose	   control	  over	   it	  because	  
there’s	  no	  such	  thing	  as	  copyright	  or	  patenting	  processes	  in	  China.	  	  
It’s	  significant,	  when	  we	  had	  our	  first	  glare	  of	  publicity,	  the	  group	  broadcast	  on	  the	  
BBC,	   and	  we	  were	   interviewed	   by	   national	   newspapers;	   all	   of	   a	   sudden	  we	   had	   a	  
number	  of	  Chinese	  postgrads	  who	  contacted	  us	  with	  full	   funding	  and	  the	  desire	  to	  
come	   and	   work	   with	   our	   research	   group	   in	   particular.	   It	   may	   have	   been	   a	  
coincidence,	   but	   I	   suspect	   that	   technology	   gathering	   exercise	   might	   have	   been	  
contemplated.	  So	  that’s	  about	  it	  really.	  
	  
Interviewer:	  
Ok,	  and	  for	  the	  final	  question,	   I’ll	   just	  make	  sure	  it’s	  all	  captured	  in	  the	  cameras	  as	  
well,	  
Q7.	  Lastly,	  using	  the	  four	  examples	  provided	  and	  the	  printed	  electronics	  TRL	  scale,	  
could	  I	  ask	  you	  to	  assign	  the	  TRL	  number	  that	  you	  feel	  each	  example	  has	  reached	  in	  
the	  blue	  boxes	  provided?	  
So	   for	   each,	   there’s	   three	   bits	   of	   information,	   so	   there’s	   the	   history	   behind	   it,	   so	  
when	  it’s	  first	  mentioned,	  and	  then	  the	  recent	  example,	  and	  then	  space	  for	  the	  TRL	  
grading	  of	  that	  recent	  example.	  
	  
Expert	  3:	  
Ok,	  umm,	  in	  terms	  of	  printed,	  umm,	  ok	  can	  you	  just	  give	  me	  that	  again?	  
	  
Interviewer:	  	  
Ok,	  so	  yeah,	  there’s	  just	  three	  different	  sections,	  so	  the	  first	  is	  just	  the	  history	  behind	  
it,	  so	  when	  it	  was	  first	  mentioned	  or	  published	  
	  
Expert	  3:	  
Where	  it	  is	  on	  the	  scale	  then?	  Where	  it	  is	  recently?	  
	  
Interviewer:	  
No,	  just	  the	  recent	  example,	  so	  just	  where	  that	  is	  
	  
Expert	  3:	  
Ok	  where	  it	  is	  on	  the	  scale.	  
	  
Interviewer:	  
Yes	  
	  
Expert	  3:	  
Ok,	  in	  terms	  of	  lithographically	  printed	  resistors,	  I’d	  say	  we	  were	  at	  level	  7,	  so	  shall	  I	  
write	  that	  in?	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Interviewer:	  
Yes	  
	  
Expert	  3:	  
Inkjet	  printed	  capacitors,	  that’s	  again	  two	  of	  one	  one	  
	  
Interviewer:	  
If	  you	  would	  like	  to	  read	  any	  of	  the	  papers,	  I	  have	  them	  as	  well	  
	  
Expert	  3:	  
That’s	   ok,	   umm,	   I	   think	   we’ve	   got	   6	   on	   that.	   Inductors,	   umm,	   now,	   I’m	   thinking	  
backwards,	   we	   did	   have	   several	   companies	   approach	   us	   about	   printing	   inductors,	  
umm,	   I	   didn’t	   really	   think	   of	   inductors,	   I’m	   thinking	   of	   inductors	   as	   electronic	  
components,	  rather	  than	  the	  structures	  that	  they	  want	  us	  to	  make.	  You	  know	  RFID	  
structures,	  RFID	  cards	  and	  RFID	  bracelets	  and	  things,	  these	  often	  use	  a	  coil	  of	  wire	  or	  
a	  printed	  circuit	  board	  which	  has	  been	  manufactured	  by	   screen	  printing	  processes	  
using	  a	  conductive	  ink.	  We	  can	  manufacture	  those	  now,	  so	  I	  think	  we’re	  up	  to	  8	  on	  
the	  printed	   inductors,	  even	  though	   I	  didn’t	  pick	  up	  on	  this	  earlier	   in	   the	   interview.	  
I’m	  thinking	  of	   inductors	  in	  tune	  circuits	  and	  things,	  and	  what	  we’re	  look	  at	  here	  is	  
really	  the	  secondary	  of	  the	  high	  frequency	  transformer,	  so	  I	  think	  we’re	  up	  there	  and	  
ready	  to	  go	  with	  printed	  inductors.	  It	  all	  comes	  down	  to	  economics;	  it	  comes	  down	  
also	   to	   an	   unknown.	   Some	   bits	   of	   the	   electronics	   industry	   are	   very	   conservative,	  
they’d	  much	  rather	  not	  be	  the	  first	  company	  to	  evaluate	  a	  new	  technology	  if	  there’s	  
any	  chance	  of	  it	  ever	  going	  wrong.	  And	  if	  you	  can’t	  say	  to	  these	  people,	  ‘well,	  we’ve	  
had	   structures	   that	  we’ve	   had	   in	   use	   out	   in	   the	   field	   for	   ten	   years,	  we’ve	   had	   no	  
problems,	  we	  know	  what	  the	  failure	  modes	  are’	   then	  they	  tend	  to	  back	  away,	  and	  
say	  ‘well	  come	  back	  to	  us	  when	  you’ve	  finally	  found	  out	  what	  the	  issues	  are’.	  
Gravure,	   well,	   [name]	   been	   working	   with	   super	   capacitors,	   and	   I’ve	   not.	   He’s	   got	  
some	   structures,	   they’re	   filaments,	   which	   are	   super	   capacitors.	   So	   I	   don’t	   know	  
anything	   about	   super	   capacitors	   that	   I	   can	   talk	   about,	   and	  we	  haven’t	   really	   done	  
any	  work	  on	  gravure.	  The	  reason	  for	  that	  is	  the	  presses	  are	  few	  and	  far	  between,	  and	  
they’re	  particularly	  expensive,	  they’re	  the	  things,	  as	  you	  know,	  that	  are	  used	  to	  print	  
bank	   notes	   and	  not	  many	   people	   have	   got	   a	   gravure	   press.	   You	  would	   be	   able	   to	  
make	  some	  very	  nice	  structures	  using	  gravure,	  I	  think,	  as	  the	  ink	  is	  very	  dense,	  and	  
you	  can	  produce,	  if	  you	  like,	  not	  a	  thin	  deposit	  of	  an	  ink	  film	  on	  a	  planar	  substrate,	  
but	   you	   can	  produce	   something	   like	  a	  wire,	   that’s	   actually	  proud	  of	   the	   substrate.	  
Now	  that	  might	  be	  something	  we	  would	  like	  to	  look	  at,	   if	  someone	  could	  lend	  us	  a	  
gravure	   press,	   but,	   the	   only	   people	   we	   found	   had	   one	   were	   ‘Dinero’,	   they	   print	  
currency,	   so	   I	   don’t	   think	   they’d	   like	   us	   to	   go	   into	   their	   plant	   and	   start	   sloshing	  
around	  strange	  inks;	  but	  it’s	  doable,	  but	  I	  don’t	  know	  anything	  about	  gravure.	  
	  
Interviewer:	  
Ok,	  and	  would	  those	  numbers	  be	  the	  same,	  based	  on	  those	  examples	  given?	  
	  
Expert	  3:	  
Umm,	  the	  examples	  given	  in	  ‘recent	  examples’	  here?	  (points	  to	  section	  on	  paper)	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Interviewer:	  
Yes	  
	  
Expert	  3:	  
Yes	  they	  would	  be	  
	  
Interviewer:	  
Ok	  
	  
Expert	  3:	  
I’m	   looking	   at	   those,	  while	   answering	   the	   question.	   This	   particular	   author	   ‘Chang’	  
umm,	  UV	   light	   source	   curing,	   yes,	   it’s	   an	  8,	   but	  our	   litho	  process	   is	   also	   an	  8,	   you	  
don’t	  need	  necessarily	  litho	  inks	  with	  UV	  curing.	  
	  
Interviewer:	  
Ok,	  and	  the	  very	  bottom	  one,	   if	  you	  were	  to	  assign	  that	  any	  number,	  which	  would	  
you	  go	  for?	  
	  
Expert	  3:	  
Even	  though	  I	  don’t	  know	  anything	  about	  it?	  
	  
Interviewer:	  
Yes,	  so	  just	  based	  on	  that	  passage	  of	  information	  
	  
Expert	  3:	  
Umm,	  I	  would	  say	  it’s	  probably	  a	  7,	  but	  I	  don’t	  really	  know.	  Umm,	  I’ve	  not	  read	  these	  
people’s	   papers,	   I	   don’t	   know,	   I’m	  not	   familiar	  with	   their	  work,	   but	   it	   does	   sound	  
quite	  viable.	  
	  
Interviewer:	  
Fantastic,	  thank	  you	  
	  
Expert	  3:	  
You’re	  very	  welcome	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Appendix	   6:	   TRL	   Grading	   Taxonomy	   of	  
Printed	  Electronics	  (body	  of	  work)	  
	  
	  
Appendix	  6.1:	  Interconnect	  
	  
The	  term	  ‘interconnect’	  refers	  to	  the	  pattern	  of	  conductors,	  formed	  on	  an	  insulating	  
base,	  used	  for	  the	  interconnections	  between	  components	  (Amos,	  et	  al.	  1999,	  p.251).	  
Gibilisco	  defines	  ‘interconnection’	  as	  “a	  mutual	  connection	  of	  separate	  circuits”	  or	  as	  
“the	  interconnection	  of	  two	  or	  more	  separate	  power-­‐generating	  systems”	  (Gibilisco,	  
1997,	  p.366).	  	  
	  
Appendix	  6.1.1:	  Conductive	  inks	  	  
	  
Conductive	   inks	   are	   a	   mixture	   of	   polymer	   binders,	   dispersion	   solvents	   and	  
conductive	  particles	  (Odom,	  et	  al.	  2012,	  pp.2578-­‐2581).	  They	  have	  been	  used	  in	  the	  
metallization	   of	   microcircuits,	   large	   area	   electronic	   structures,	   solder	   for	  
microelectronics	  packages	  and	  solar	  cells	  (Odom,	  et	  al.	  2012,	  pp.2578-­‐2581).	  These	  
conductive	   inks,	   along	   with	   insulating	   or	   semi-­‐conductive	   inks	   can	   be	   printed,	   to	  
create	  a	  range	  of	  different	  electrical	  components.	  These	  printed	   inks	  are	  also	  used	  
for	  simple	  resistors,	  capacitors,	  conductors	  and	  heating	  elements	  (IDTechEx.,	  2014a).	  
Conductive	   inks	   have	   more	   recently	   been	   used	   to	   print	   circuits	   on	   curvilinear	  
surfaces,	   flexible	   silver	   microelectrodes,	   electronic	   art,	   conductive	   text	   and	   3D	  
antennas	  on	  paper	  (Odom,	  et	  al.	  2012,	  pp.2578-­‐2581).	  
Conductive	  inks	  are	  often	  used	  to	  form	  a	  ‘conductive	  pattern’	  which	  is	  “the	  pattern	  
of	   conductive	   lines	   and	   areas	   in	   a	   printed	   circuit”	   identified	   by	  Gibilisco	   (Gibilisco,	  
1997,	   p.138).	   This	   term	   could	   be	   used	   for	   a	   wide	   range	   of	   printed	   electronic	  
components,	  as	  many	  are	  conductive	  in	  nature.	  
	  
Examples	  of	  the	  technology	  being	  used	  are	  from	  T-­‐ink	  called	  ‘Touchcode’	  which	  is	  a	  
card	   with	   printed	   conductors	   on	   it,	   a	   multi	   touch	   screen	   can	   read	   the	   card	   and	  
launch	   a	   program.	   Per	   device	   this	   is	   very	   low	   cost.	   Another	   example	   is	   tamper	  
evidence.	   Also	   ‘smart	   shelves’	   are	   used	   to	   monitor	   stock	   units,	   used	   by	   CPG	  
(Consumer	  Packaged	  Goods)	  companies	  to	  seek	  data	  on	  their	  stock	  levels	  and	  study	  
when	   people	   use	   or	   pick	   up	   their	   products,	   can	   be	   used	   from	   minibars	   to	   retail	  
shelves.	   Examples	   of	   ink	   suppliers,	   in	   the	   context	   of	   developers	   and	   importantly	  
product	   design	   (the	   key	   to	   commercial	   success),	   include	   MWV,	   Solgie,	   T-­‐ink,	  
Ynvisible	   and	   GSI	   Technologies.	   Dependant	   on	   the	   device	   made,	   costs	   can	   be	  
variable.	   Many	   devices	   made	   are	   also	   usually	   hybrid	   devices,	   integrating	   many	  
different	  technologies;	  in	  turn,	  the	  ink	  is	  not	  the	  dominant	  cost	  (IDTechEx.,	  2014a).	  
	  
	  
	   466	  
Screen	  –	  TRL9	  
In	   1974	   a	   patent	   for	   a	   screen	   printable	   metal	   powder	   epoxy	   used	   for	   fabricating	  
electrical	   interconnections	   between	   laminated	   subassemblies	   to	   create	  multilayers	  
was	  published	  (Abolafia,	  et	  al.	  1974).	  
	  
	  
	  
Bare	  Conductive	  
Bare	  Conductive	  (Bare	  Conductive,	  2014)	  are	  a	  company	  who	  have	  created	  and	  sell	  
‘electric	  paint’,	   this	  conductive	  paint,	   is	  solvent	  free,	  nontoxic	  and	  water	  soluble,	   it	  
dries	   quickly	   at	   room	   temperature	   and	   can	   be	   removed	   with	   soap	   and	   water.	  
Originally,	   when	   the	   company	   were	   searching	   for	   funding,	   the	   ink	   was	   aimed	   at	  
being	   applied	  directly	   to	   a	   person’s	   skin	   (Figure	   214),	  with	   the	   initial	   aim	  being	   to	  
“create	  a	  soft	  interface	  for	  wearable	  technologies,	  through	  the	  application	  of	  circuit	  
technology	  directly	  onto	  the	  skin”	  (Bareconductive1,	  2010).	  It	  was	  also	  sold	  as	  being	  
“non-­‐toxic	   and	   temporary,	   Bare	   is	   an	   intuitive	   and	   non-­‐invasive	   technology”	  
(Bareconductive1,	  2010),	  the	  ink	  was	  also	  said	  to	  be	  inexpensive.	  Bare	  said	  that	  it	  “is	  
a	  step	  change	  in	  medical	  monitoring	  technology”	  (Bareconductive1,	  2010).	  	  
	  
	  
Figure	  214	  -­‐	  Bare	  Conductive	  Ink	  on	  Skin	  
	  (Bareconductive1,	  2010)	  Screenshots	  taken	  from	  the	  Bare	  Conductive	  video.	  
	  
This	  is	  interesting	  as	  the	  company	  have	  switched	  directions	  as	  now,	  the	  ink	  is	  aimed	  
at	  all	  ages	  and	  not	  used	  on	  the	  skin,	   intended	  for	  personal	  projects	  and	  education;	  
the	  paint	   is	   regarded	  as	  child	  safe,	  an	  example	   they	  give	   for	  use	  of	   the	  paint	   is	  on	  
cards	  sold	  by	  themselves,	  creating	  an	  LED	  circuit	  with	  a	  switch	  (Figure	  215).	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Figure	  215	  -­‐	  Bare	  Conductive	  cards	  
(Bare	  Conductive.,	  2014)	  A	  screenshot	  taken	  from	  their	  website.	  
	  
	  
In	  November	  2013	  they	  secured	  a	  successfully	  funded	  Kickstarter	  campaign	  for	  their	  
‘Touch	   Board’	   (Figure	   216),	   aiming	   for	   £15,000	   and	   received	   £122,907	   (Bare	  
Conductive,	  2013b).	  The	  success	  of	   this	  campaign	  appears	   to	  be	   largely	  due	  to	   the	  
targeted	   maker	   community	   and	   also	   the	   educational	   advantages	   of	   the	   product.	  
These	  are	  the	  two	  main	  areas	  that	  the	  company	  focuses	  on,	  makers	  and	  education,	  
to	   further	  help	  with	  projects	   and	   inspire.	  A	   variety	  of	   examples	   are	   given,	   such	  as	  
doorbells,	   light	   switches,	   and	   musical	   instruments,	   along	   with	   tutorials	   to	   help	  
people	   get	   and	   feel	   involved,	   with	   the	   ability	   for	   customers	   to	   also	   share/upload	  
their	  own	  creations	  and	  tutorials.	  Stencils	  are	  also	  available	  to	  purchase	  (Figure	  217)	  
to	  appeal	   to	   those	  who	  are	  after	  a	  neater	   finish,	  or	   for	   children	   to	  use.	  They	  have	  
also	  been	  using	  sensors	  in	  their	  ideas	  to	  further	  enhance	  them.	  
	  
	  
Figure	  216	  –	  Touch	  Board	  
(Bare	  Conductive,	  2013b)	  Screen	  shot	  taken	  from	  Bare	  Conductive	  Kickstarter	  video.	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Figure	  217	  -­‐	  Touch	  Board	  Stencil	  
(Bare	   Conductive.,	   2014b)	   Can	   be	   purchased	   from	   their	   shop	   section	   of	   the	   Bare	  
Conductive	  website.	  
	  
Bare	  Conductive	  have	  been	  fairly	  successful	  in	  receiving	  funding,	  and	  seem	  to	  have	  a	  
fairly	  strong	  following,	  but	  it	  is	  still	  aimed	  toward	  a	  fairly	  niche	  market.	  As	  it	  focuses	  
on	  creating	  craft-­‐like	  products,	  it	  still	  requires	  the	  user	  or	  customer	  to	  create	  it.	  This	  
works	   very	   well	   in	   the	   maker	   community,	   but	   for	   the	   general	   public,	   they	   often	  
appear	  to	  want	  to	  buy	  a	  finished	  product,	  which	  is	  ready	  to	  use	  straight	  away.	  Their	  
conductive	   ink	  was	  also	   screen	  printed	  at	   Luma	  Studios	   (Figure	  218)	   in	  2013	   (Bare	  
Conductive,	   2013a).	   Their	   conductive	   ink	  product	   is	   at	   TRL	   9,	   as	   it	   is	   commercially	  
available,	  ready	  for	  the	  public	  to	  buy	  and	  use	   in	  a	  craft	  capacity	  via	  stencil	  or	  free-­‐
hand,	  as	  well	  as	  being	  produced	  via	  screen	  printing.	  
	  
	  
Figure	  218	  -­‐	  Bare	  Conductive	  screen	  printing	  at	  Luma	  Studios	  
(Bare	  Conductive,	  2013a)	  
	  
	  
DuPont	  
DuPont	   produce	   printed	   electronic	   materials;	   they	   offer	   “the	   ability	   to	   form	  
conductive	  traces”	  (DuPont,	  2014)	  which	  can	  be	  applied	  to	  various	  substrates	  such	  as	  
glass,	   polyester	   and	   ceramics,	   applied	   using	   screen	   printing,	   they	   also	   say	   that	   a	  
variety	  of	  other	  processes	  can	  also	  be	  used.	  Their	  conductive	  ink	  product	  is	  at	  TRL	  9,	  
as	  it	  is	  commercial,	  ready	  for	  users	  to	  buy	  and	  use.	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Gravure	  –	  TRL9	  
Small	  interconnections	  with	  diameters	  of	  less	  than	  100	  μtm	  were	  achieved	  between	  
conductors	  were	  achieved	  via	  gravure	  offset	  printing	  in	  1993,	  coating	  excimer	  laser	  
drilled	  vias	  (LeppÄvuori,	  et	  al.	  1993).	  
	  
DuPont	  
DuPont	  in	  2010	  produced	  conductive	  ink	  within	  their	  microcircuit	  materials	  division	  
for	   gravure	  printing	   (Converting	  Quarterly.,	   2010),	   their	   conductive	   carbon	   coating	  
‘DuPont	   5067’	   (DuPont.,	   2013)	   and	   water-­‐based	   silver	   highly	   conductive	   	   coating	  
‘DuPont	   5069’	   (DuPont.,	   2012a).	   These	   inks	   can	  be	  used	  with	   other	   inks	   to	   create	  
applications	   such	   as	   Radio	   Frequency	   Identification	   (RFID)	   tags,	   sensors,	   smart	  
packaging,	   solid	   state	   lighting	   and	   displays	   (Converting	   Quarterly.,	   2010).	   Their	  
conductive	  ink	  product	  (Figure	  219)	  is	  at	  TRL	  9,	  as	  it	  is	  commercial,	  ready	  for	  users	  to	  
buy	   and	   use;	   however,	   the	   inks	   have	   to	   be	   dried	   at	   70°C	   for	   2-­‐5	  minutes	   to	   cure	  
them	  (DuPont.,	  2012a;	  DuPont.,	  2013).	  
	  
	  
Figure	  219	  -­‐	  DuPont's	  conductive	  inks	  for	  Gravure	  and	  Flexographic	  printing	  
(Converting	  Quarterly.,	  2010)	  
	  
	  
Lithographic	  –	  TRL9	  
Conductive	  ink	  was	  first	  stated	  in	  a	  patent	  used	  in	  offset	  lithographic	  printing,	  using	  
a	   pitted	   roll	   for	   an	   offset	   litho	   printing	   press	   inking	   unit,	   wherein	   the	   ink	   used	   is	  
copper	  (Herb,	  1991).	  
Interconnect	  was	  first	  printed	  via	  offset	  lithography	  by	  Brunel	  university….	  
	  
Brunel	   University,	   within	   four	   years	   (1996-­‐2000),	   conducted	   research	   into	   using	  
offset	   lithography	   to	   print	   printed	   electronics.	   This	   particular	   case	   study	   has	   been	  
chosen	  as	   it	  has	  been	  entirely	  based	  within	  the	  university,	  start	  to	  finish;	  also	  with	  
patents,	   allowing	   for	   a	   complete	   case	   study	   to	   be	   evaluated	   against	   the	   TRL	   scale	  
created	  for	  Printed	  Electronics.	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The	  researchers	  chose	  offset	  lithography,	  not	  only	  as	  it	  would	  be	  unique	  in	  this	  field,	  
but	  also	  due	  to	  its	  high	  success	  rates	  within	  the	  conventional	  print	  industry.	  Standard	  
lithographic	   printing	   machines	   can	   achieve	   high	   speeds,	   between	   3,000-­‐10,000	  
impressions	  per	  hour,	  good	  dimensional	  control	  and	  excellent	  registration	  of	  images,	  
and	  also	   result	   in	  a	   low	  cost	  per	   sheet,	  being	   low	  amount	  of	   ink	  volume/substrate	  
(Cleaner	   Electronics	   Research	   Group,	   2000,	   p.1).	   Most	   offset	   machines	   accept	  
substrate	  thicknesses	  between	  0.050mm	  to	  0.300mm.	  
	  
In	   1998	   microelectronic	   test	   structures	   were	   characterised,	   fabricated	   via	   offset	  
lithography	  (Walton,	  et	  al.	  1998.	  pp.	  39-­‐44)	  as	  at	  the	  time	  it	  was	  a	  novel	  fabrication	  
technique.	  Onto	  paper-­‐like	  substrates,	  circuit	  tracks	  were	  formed	  using	  metal-­‐loaded	  
ink	   through	   a	   standard	   lithographic	   printing	   process.	   Electrical	   evaluations	   were	  
undergone,	   measuring	   line	   width	   and	   sheet	   resistance,	   and	   these	   were	   then	  
compared	  with	   surface	   profiling	   and	   optical	  measurements.	   The	  work	   determined	  
that	  cross-­‐section	  and	  edge	  roughness	  of	  the	  film	  affect	  the	  electrical	  measurement	  
of	   line	  width	   (Walton,	   et	   al.	   1998.	   pp.	   39-­‐44).	   The	   line	  width	  measurements	  were	  
also	   in	  correlation	  with	  sheet	  resistance.	  The	  calibration	  of	  electrical	  measurement	  
of	  line	  width	  with	  optical	  ones	  was	  an	  area	  of	  interest,	  if	  this	  could	  be	  achieved,	  then	  
it	  could	  be	  used	  to	  “optimise	  and	  then	  control	  the	  full	  production	  process”	  (Walton,	  
et	  al.	  1998.	  pp.	  39-­‐44).	  
	  
At	  Brunel,	   they	  created	  and	  tested	  prototypes	  and	  applications	  for	  the	  technology,	  
using	   coated,	   cellulose	   based	   papers	   such	   as	   ‘GlossArt’	   and	   also	   synthetic	   papers,	  
which	   were	   polyethylene	   based	   were	   used	   in	   testing;	   they	   trialled	   30	   different	  
substrates	  (Cleaner	  Electronics	  Research	  Group,	  2000,	  p.1).	  	  
	  
	  
Microwave	  patch	  antennae	  (application)	  –	  TRL	  3	  
Applications	  the	  research	  group	  tried	  were	  firstly,	  a	  microwave	  patch	  antennae,	  as	  a	  
microwave	  manufacturer	  expressed	  an	   interest,	  printed	  on	   ‘GlossArt’	  and	   ‘PolyArt’	  
substrates	  (Figure	  220),	  with	  the	  aim	  to	  achieve	  a	  lower	  cost	  per	  unit,	  as	  the	  existing	  
cost	  was	  15	  pence	  per	  unit;	  however	  this	  was	  unsuccessful	  due	  to	  the	  performance	  
not	  being	  up	  to	  standard	  (Cleaner	  Electronics	  Research	  Group,	  2000,	  p.2).	  It	  achieved	  
TRL	  3	  as	  it	  was	  an	  experimental	  proof	  of	  concept	  and	  also	  proof	  of	  concept	  research,	  
but	  due	  to	  the	  performance	  not	  being	  up	  to	  standard,	  it	  did	  not	  reach	  TRL	  4.	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Figure	   220	   -­‐	   Microwave	   patch	   antennae:	   Lithographically	   printed	   (left)	   and	  
conventionally	  manufactured	  (right)	  
(Cleaner	  Electronics	  Research	  Group,	  2000,	  p.2).	  
	  
	  
With	   the	   application	   of	   CLF	   (conductive	   lithographic	   films)	   for	   MICs	   (microwave	  
integrated	   circuits),	   the	   CLF	   microstrip	   structures	   were	   created	   and	   measured,	  
testing	   their	   usefulness	   at	   microwave	   frequencies.	   The	   loss	   of	   lines	   were	   high,	  
however,	  they	  could	  still	  be	  used	  in	  smaller	  MICs	  or	  in	  circuits	  where	  the	  loss	  is	  less	  
important.	  	  Advantages	  of	  these	  CLFs	  at	  microwave	  frequencies	  would	  be	  for	  curved	  
circuit	   structures	  as	  an	  alternative	   to	  many	  existing	   circuits,	   also	   the	   low	  bulk	   cost	  
(Shepherd,	  et	  al.	  1997.	  pp.	  483-­‐484).	  
	  
Work	   on	   the	   microwave	   stripline	   structures	   has	   established	   its	   viability,	   being	  
printed	   onto	   a	   variety	   of	   flexible	   substrate	  materials	   via	   the	   CLF	   process,	   but	   also	  
coplanar	  waveguides,	  couplers,	  ring	  resonators	  and	  antennas	  have	  been	  established	  
too	  (Evans,	  et	  al.	  1999.	  pp.	  1634-­‐1636).	  More	  recently,	  low-­‐frequency	  filter	  systems	  
and	  passive	  components	  have	  been	  completely	  fabricated	  via	  offset	  lithography.	  The	  
evaluation	   of	   silver	   ink	   films	   that	   were	   “printed	   on	   polyethylene	   substrates	   as	  
substitues	  for	  silver-­‐plated	  copper	  conductors	  in	  UHF	  circulator	  assemblies”	  (Evans,	  
et	   al.	   1999.	   pp.	   1634-­‐1636).	   	   Evaluated	   to	   establish	   the	   CLF	   films	   functionality	   as	  
circulator	  conductor	  elements,	  evaluating	  metal	   losses	  and	   impedance	  matching	  of	  
the	  films,	  also	  comparing	  them	  with	  conventional	  silver-­‐plated	  copper	  components.	  
The	  printed	  microwave	  circulator	  centre	  conductors	  produced	  acceptable	  circulator	  
performance,	   with	   both	   non-­‐plated	   and	   plated	   conductors,	   created	   by	   the	   CLF	  
process.	  The	  polymer	  substrates	  used	  were	  produced	  at	  a	  greatly	  reduced	  cost	  and	  
at	  high	  speed	  compared	  to	  conventional	  silver-­‐plated	  copper	  conductors	  (Evans,	  et	  
al.	  1999.	  pp.	  1634-­‐1636).	  	  	  
	  
Flip-­‐Chip	  (application)	  –	  TRL	  4	  
Another	  application	  tested	  was	  flip-­‐chip	  (attaching	  integrated	  circuits,	  that	  has	  been	  
‘bumped’,	   directly	   to	   a	   circuit	   board	   substrate),	   the	   test	   patterns	   were	  
lithographically	   printed	   on	   ‘GlossArt’	   and	   ‘PolyArt’	   substrates	   (Figure	   221).	  
Anisotropic	  adhesion	  was	  used	  to	  join,	  it	  resulted	  in	  success	  for	  the	  paper	  substrates,	  
with	  two	  out	  of	  three	  of	  them	  offering	  100%	  connection	  of	  all	  joints,	  and	  the	  other	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62.5%;	  however	  the	  polymer	  based	  substrate	  had	  problems	  as	  it	  was	  unstable	  with	  
temperature	   (Cleaner	   Electronics	  Research	  Group,	   2000).	   TRL	  4	  was	   achieved	  as	   it	  
reached	   a	   stage	   of	   validation	   in	   both	   the	   concept	   and	   in	   the	   laboratory,	   although	  
with	  the	  unstable	  temperature	  problem,	  not	  reaching	  a	  TRL	  5.	  
	  
	  
Figure	  221	  -­‐	  Joint	  test	  structures	  and	  Flip-­‐Chip	  adhesion	  
	  (Cleaner	  Electronics	  Research	  Group,	  2000).	  
	  
	  
Surface-­‐mount-­‐technology	  component	  attachment	  (application)	  –	  TRL	  5	  
For	  high-­‐volume	  production,	  surface-­‐mount-­‐technology	  (SMT)	  component	  packages	  
are	   incorporated	   with	   CLFs	   using	   conductive	   adhesives.	   Printed	   onto	   Teslin	   and	  
PolyArt	  substrates,	  the	  automatic	  handling	  dispensed	  the	  adhesive,	  auto-­‐placed	  the	  
SMT	   components	   (pick-­‐and-­‐place	   machine)	   and	   cured	   the	   adhesive/component	  
bonds	  (thermally).	  	  
	  
Compared	   to	   the	   soldered	   joints	   of	   sintered	   silver	   palladium	   thick	   film	   conductors	  
(conventional	   joints/bonds	   on	   conventional	   substrates),	   the	   printed	   ones	   (Figure	  
222)	  achieved	  bond	  strengths	  of	  between	  30%	  and	  50%	  of	  the	  conventional	  bonds	  
(Cleaner	   Electronics	   Research	   Group,	   2000).	   Reaching	   TRL	   5	   	   as	   the	   process	   was	  
validated	  on	  production	  equipment,	  however,	  not	  at	  TRL	  6	  as	  it	  was	  not	  proven	  wit	  
process	  capability	  on	  production	  equipment.	  
	  
	  
	  
	   473	  
	  
Figure	  222	  -­‐	  A	  populated	  CLF	  substrate	  
(Cleaner	  Electronics	  Research	  Group,	  2000).	  
	  
	  
Statesman	  Telephone	  Handset	  	  (prototype)	  -­‐	  TRL	  5	  
	  
Using	  a	  scanned	  image	  of	  the	  existing	  ‘Statesman’	  telephone	  circuitry	  (circa	  used	  in	  
the	  early	  80’s	  in	  British	  Telecom),	  the	  scanned	  artwork	  was	  manipulated	  to	  remove	  
any	  component	  labelling	  and	  soldermask.	  The	  image	  was	  changed	  into	  a	  2-­‐bit	  image,	  
black	  and	  white,	  the	  circuit	  tracks	  were	  also	  thickened	  to	  accommodate	  the	  printed	  
film	  as	   it	  would	  have	  a	  higher	   sheet	   resistivity	   (Figure	  223).	   The	  artwork	  was	   then	  
printed	  onto	  ‘PolyArt’	  and	  ‘GlossArt’	  substrates,	  this	  printed	  film	  circuitry	  was	  then	  
laminated	   to	   a	   bare	   board	   to	   provide	   it	   with	   mechanical	   integrity	   (Cleaner	  
Electronics	  Research	  Group,	  2000).	  	  
	  
	  
Figure	  223	  -­‐	  Unmodified	  and	  modified	  'Statesman'	  telephone	  circuitry	  (not	  to	  scale)	  
(Cleaner	  Electronics	  Research	  Group,	  2000).	  
	  
	  
Attached	  to	  the	  circuit	  board	  pads,	  using	  conductive	  electrical	  touch-­‐up	  paint	  were	  
64	   through-­‐hole	   components,	   which	   included	   two	   ICs;	   this	   was	   then	   a	   fully	  
assembled	  and	   functioning	  circuit,	  and	  placed	  back	   in	   the	  original	  casing,	   replacing	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the	  conventional	  circuit	  board.	  It	  was	  tested	  on	  a	  British	  Telecom	  line	  simulator	  for	  
load	  impedance	  and	  faults,	  also	  used	  extensively	  on	  the	  university	  internal	  network.	  
This	  prototype	  proved	  the	  success	  of	  forming	  complex	  functional	  analogue	  circuits,	  
showing	  also	  possibilities	   for	   switch	  pad	  applications	   (Cleaner	  Electronics	  Research	  
Group,	  2000).	  At	  TRL	  5,	  the	  prototype	  achieved	  successful	  prototype	  demonstration,	  
being	  used	  extensively	  on	  the	  university	   internal	  network;	  although	  not	  TRL	  6	  as	   it	  
did	  not	  prove	  its	  process	  capability	  on	  production	  equipment.	  
	  
Nortel	  Telephone	  Handset	  (prototype)	  –	  TRL	  5	  
Nortel	   provided	   three	   sample	   circuitry	   artwork	   and	   components	   from	   telephones	  
which	  was	  then	  used	  to	  fabricate	  and	  demonstrate	  that	  lithographically	  printed	  films	  
could	   be	   successfully	   used	   in	   a	   fully	   featured	   telephone	   circuit,	   this	  was	   a	   double	  
sided,	  complex	  mixed	  signal,	  surface	  mount	  circuit	  (Figure	  224).	  	  
	  
Through-­‐hole	  and	  surface-­‐mount	  devices,	  which	  were	  soldered	  to	  the	  1.6mm	  ‘FR4’	  
substrate	   and	   laminated	  with	   35µm	   copper,	   together	  made	   up	   the	   printed	   circuit	  
board	  assembly.	  After	  being	  prepared,	  the	  plate	  artwork	  printed	  with	  care,	  ensuring	  
accurate	  alignment	  of	  the	  two	  sides.	  	  The	  holes	  through	  the	  ‘PolyArt’	  substrate	  were	  
manually	   drilled,	   creating	   the	   via	   holes,	   which	   were	   then	   filled	   with	   conductive	  
adhesive,	   achieving	   electrical	   continuity.	   In	   order	   of	   decreasing	   complexity,	   133	  
components	  were	  attached;	  they	  were	  checked	  for	  open	  or	  short	  connections,	  this	  
was	  necessary	  as	  no	  adhesive	  mask	  or	  solder	  was	  used	  (Figure	  225).	  	  
	  
Before	  being	  connected	  and	  tested	  through	  the	  university	  network,	  it	  was	  tested	  in	  
the	  same	  way	  as	  the	  ‘Statesman’	  circuit	  before;	  success	  in	  operation	  was	  achieved,	  
with	  crisp	  and	  clear	  audio	  (Cleaner	  Electronics	  Research	  Group,	  2000).	  At	  TRL	  5,	  the	  
prototype	  achieved	  successful	  prototype	  demonstration,	  and	  better	  results	  than	  the	  
‘Statesman’	  prototype;	  although	  not	  TRL	  6	  as	   it	  did	  not	  prove	  its	  process	  capability	  
on	  production	  equipment.	  
	  
	  
Figure	  224	  -­‐	  Conventional	  and	  Lithographically	  printed	  circuit	  boards	   for	   telephone	  
assembly.	   This	   demonstrator	   surpassed	   all	   others	   in	   complexity	   and	   processor	  
speed.	  
(Cleaner	  Electronics	  Research	  Group,	  2000).	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Figure	  225	  -­‐	  Assembled	  circuit,	  illustrating	  the	  complexity	  and	  scale	  of	  the	  device.	  
(Cleaner	  Electronics	  Research	  Group,	  2000).	  
	  
	  
The	  keyboard	  attached	  to	  the	  underside	  of	  the	  circuit	  was	  largely	  unpopulated.	  The	  
large	   black	   sockets	   connecting	   the	   line	   in,	   and	   handset	   to	   the	   circuit	   and	   the	  
piezoelectric	   ringer	   is	   partially	   visible	   top	   of	   the	   photograph	   (Cleaner	   Electronics	  
Research	  Group,	  2000).	  
	  
When	   testing	   CLFs	   in	   a	   range	   of	   applications	   such	   as	   a	   microprocessor,	   security	  
tagging	   and	   telephone	   plant	   applications,	   it	   was	   successfully	   tested	   in	   these	   low	  
frequency	   applications,	   providing	   an	   alternative	   to	   the	   traditional	   resin/laminate	  
boards	  (Shepherd,	  et	  al.	  1997.	  pp.	  483-­‐484).	  
	  
	  
‘Electrical	   Circuit’	   patent	   application	   number:	   97925195	   (also	   can	   be	   found	   under	  
PCT/GB97/01572)	   this	   patent	   is	   a	   bigger	   claim,	   and	   is	   of	   PCT	   level	   (Patent	  
Cooperation	   Treaty,	   which	   is	   the	   international	   patent	   system,	   covering	   the	  
inventions	   internationally).	   Filed	   in	   1997	   (Evans,	   2001)	   and	   published	   in	   1999,	   the	  
patent	   covers	   the	   electrical	   assembly	   of	   at	   least	   one	   electrical	   lithographically	  
printed	  device	  onto	  a	  substrate	  (also	  covered	   in	  the	  patent)	   from	  ink	  comprised	  of	  
resin	  with	  suspended	  electrically	  conductive	  particles	  (including	  metallic	  silver);	  also	  
where	   the	   resin	   is	   an	   alkyd	   or	   other	   organic	   resin.	   	   It	   also	   covers	   percentages	   of	  
metal	   content	   in	   the	   ink,	   thixotropic	   flow	   properties,	   and	   size	   of	   the	   conductive	  
particles;	  component	  fixative	  (including	  conductive	  adhesive)	  for	  fixing	  components	  
to	  the	  substrate,	  adhesives	  loaded	  with	  silver,	  an	  electrical	  assembly,	  also	  a	  electrical	  
device,	   a	   conductive	   trace,	   a	   resistance	   and/or	   an	   antenna,	   a	   capacitance.	   A	  
substrate	  of	  an	  electrical	  assembly	  made	  from	  coated	  or	  synthetic	  paper,	  composite	  
medium,	  a	  plastic	  or	  other	  paper.	  
	  
‘Process	   for	   depositing	   conducting	   layer	   on	   substrate’	   patent	   application	   number:	  
PCT/GB99/04064	  and	  is	  of	  PCT	  level,	  filed	  in	  1999	  and	  published	  in	  2000,	  it	  also	  had	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the	   rights	   to	   the	   ‘Electrical	   Circuit’	   patent.	   The	   patent	   covered	   lithographically	  
printing	  a	  seeding	   layer	  onto	  a	  substrate,	   it	   is	  a	  conductive	   layer,	  depositing	  a	   first	  
electrically	   conducting	   layer	   on	   the	   seeding	   layer,	   this	   is	   achieved	   by	   electroless	  
deposition.	  This	  patent	  was	  later	  in	  2001	  brought	  by	  RT	  Microwave	  Limited.	  
	  
	  
McDonalds	  toy	  success	  –	  TRL	  9	  	  
McDonalds	   released	  a	   couple	  of	   toys	   (Figure	  226)	  which	  used	  a	   similar	   technology	  
method,	  via	  lithographic	  printing	  to	  create	  the	  circuitry	  within	  their	  toys,	  both	  in	  the	  
‘Monsters	   inc.’	   and	   ‘Finding	   Nemo’	   film	   promotions	   (Salcedo,	   2012).	   TRL	   9	   was	  
reached	  as	  they	  were	  commercially	  available	  and	  demonstrated	  capability	  validation	  
on	  the	  full	  range	  of	  parts	  over	  long	  periods.	  
	  
	  
Figure	  226	  -­‐	  McDonalds	  toys	  
(Salcedo,	  2012)	  
	  
	  
A	  more	  recent	  publication	   in	  2008	  (Ramsey,	  et	  al.	  2008.	  pp.	  25-­‐34),	  was	  a	  study	  of	  
inks	   developed	   pre-­‐2000	   for	   lithographic	   printing	   of	   conducting	   films	   using	   silver-­‐
loaded	   inks.	  The	  technology	  offers	  benefits	   for	  producing	  conductive	   film	  patterns,	  
such	   as	   low	  material	   use	   and	   very	   high	   production	   speeds	   (between	   3000-­‐10000	  
impressions	   per	   hour).	   It	   also	   offers	   excellent	   registration	   of	   images,	   good	  
dimensional	  control,	  low	  cost	  per	  sheet	  (low	  ink	  volume/substrate)	  and	  widespread	  
availability	  of	  necessary	  production	  facilities	  (Ramsey,	  et	  al.	  2008.	  pp.	  25-­‐34).	  Various	  
tolerances	  were	   determined	   in	   this	  work	   of	   the	   lithographic	   printing	   process	  with	  
“±15	   %	   variation	   in	   resistance	   across	   the	   width	   of	   a	   sheet,	   ±2.5	   %	   variation	   in	  
resistance	  over	  short	  print	  runs,	  and	  ±2.5	  %	  variation	  in	  resistance	  from	  the	  leading	  
to	  trailing	  edge	  of	  a	  sheet”	  (Ramsey,	  et	  al.	  2008.	  pp.	  25-­‐34)	  for	  old	  commercial	  GTO	  
presses,	   however	   more	   modern	   automated	   machines	   could	   offer	   much	   better	  
results.	  
	  
	  
Findings,	  Technology	  Readiness	  Levels	  achieved	  
	  
Brunel	   had	   a	   variety	   of	   successes,	   achieving	   up	   to	   TRL	   5	   with	   many;	   however,	  
achieving	  TRL	  9	  potentially	  via	   lithographically	  printed	  conductive	   ink	  was	  achieved	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through	  McDonalds.	  With	  many	  of	  the	  cases,	  which	  were	  less	  successful,	  it	  is	  simply	  
technical	   issues,	   which	   need	   to	   be	   assessed,	   such	   as	   resistivity,	   or	   keeping	   costs	  
down.	  	  	  	  
	  
‘Conductive	   Lithographic	   Films’	   patent	   application	   number:	   9612272.6,	   ‘A	  
Lithographically	  Printed	  Microwave	  Antenna’	  patent	  application	  number:	  9620099.3	  
(Evans,	  2001	  both	  UK	  applications,	  filed	  in	  1996.	  
	  
	  
Inkjet	  –	  TRL9	  
The	  first	  mention	  of	  inkjet	  printing	  conductive	  ink	  was	  in	  a	  patent	  published	  in	  1995,	  
focusing	  on	  the	  method	  of	  manufacture	  of	  an	  inkjet	  head	  that	  would	  be	  capable	  of	  
printing	  droplets	  of	  conductive	  ink	  (Miyazono,	  et	  al.	  1995).	  
	  
	  
Fujifilm	  and	  ANP	  
At	  the	  materials	  research	  show	  in	  California	  in	  April	  2013,	  the	  Fujifilm	  Dimatix	  DMP	  
2831	  inkjet	  printer	  printed	  silver	  nanoparticle	  ink	  (Figure	  227)	  supplied	  from	  ANP	  to	  
print	   conductive	   tracks	   (Etter,	   2013).	   This	   ink	   is	   at	   TRL	  9,	   as	   it	   is	   now	   commercial,	  
available	  to	  buy	  from	  ANP	  and	  use.	  
	  
	  
Figure	  227	  -­‐	  ANP	  silver	  nanopartical	  ink	  printed	  on	  Fujifilm	  inkjet	  printer	  
(Etter,	  2013)	  Screenshot	  captured	  from	  video.	  
	  
	  
Cartesian	  Co.	  
Cartesian	   Co.	   had	   a	   successfully	   funded	   Kickstarter	   project	   in	   December	   2013	  
achieving	  much	   over	   their	   pledged	   goal	   of	   $30,000,	   receiving	   $137,356	   (Cartesian	  
Co.,	  2013).	  The	  project	  was	  the	  ‘EX1’	  (Figure	  228),	  described	  as	  a	  rapid	  3D	  printing	  of	  
circuit	  boards,	  designed	  to	  be	  as	  easy	  as	  printing	  a	  photo.	  Using	  an	  inkjet	  process	  to	  
print	   silver	   and	   other	   inks,	   an	   example	   of	   an	   application	   they	   give	   is	   using	   it	  with	  
capacitive	  touch	  sensors	  to	  create	  a	  game	  pad	  (Figure	  229	  and	  Figure	  230).	  In	  their	  
Kickstarter	  video,	  they	  state	  they	  to	  make	  printing	  electronics,	  as	  easy	  as	  3D	  printing.	  
The	  printer	  also	  allows	   for	   the	  user	   to	  print	  on	  any	   surface	  or	  material	   they	  want,	  
examples	  they	  give	  are	  both	  kapton	  and	  acrylic	  surfaces	  to	  create	  ridged	  or	  flexible	  
circuits,	   stickers,	   paper	   and	   fabric,	   an	   example	   for	   fabric	   they	   gave	  was	   a	   light	   up	  
bracelet,	  (Figure	  231)	  it	  lights	  up	  when	  the	  magnetic	  clip	  is	  fastened	  or	  connected.	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Figure	  228	  -­‐	  EX1	  printer	  
(Cartesian	  Co.,	  2013)	  Screenshot	  captured	  from	  Kickstarter	  video.	  
	  
	  
Figure	  229	  -­‐	  EX1	  printing	  game	  pad	  
(Cartesian	  Co.,	  2013)	  Screenshot	  captured	  from	  Kickstarter	  video.	  
	  
	  
	  
Figure	  230	  -­‐	  Working	  game	  pad	  with	  capacitive	  touch	  sensors	  
(Cartesian	  Co.,	  2013)	  Screenshot	  captured	  from	  Kickstarter	  video.	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Figure	  231	  -­‐	  Light	  up	  bracelet	  
(Cartesian	  Co.,	  2013)	  Screenshot	  captured	  from	  Kickstarter	  video.	  
	  
	  
Since	  the	  Kickstarter	  campaign,	  Cartesian	  Co	  (Cartesian	  Co.,	  2014)	  have	  renamed	  the	  
EX1	  to	  ‘The	  Argentum’	  (Figure	  232)	  with	  a	  few	  minor	  alterations	  giving	  a	  sleek	  finish,	  
three	   circuit	   examples	   are	   also	   given	   in	   the	   information	   about	   the	   printer	   (Figure	  
233)	  including	  circuits	  with	  conventional	  components	  attached.	  It	  is	  available	  to	  buy	  
either	  as	  a	   ‘kit’	   for	  $1,599.00	  or	  as	   ‘assembled’	  for	  $2,099.00	  (Figure	  234)	  which	   in	  
itself	  covers	  both	  the	  maker	  and	  non	  maker	  communities,	  but	  also	  there	  is	  almost	  a	  
running	  tally	  chart	  of	  batches	  of	  the	  printer	  that	  have	  been	  produced	  and	  when	  they	  
will	  be	  shipped.	  This	  could	  potentially	  of	  been	  put	  in	  place	  for	  many	  reasons,	  it	  is	  an	  
unusual	  approach,	  it	  could	  be	  to	  appeal	  to	  collectors,	  or	  simply	  a	  track	  record	  of	  the	  
product	   for	   people	   who	   supported	   the	   product	   initially	   to	   follow,	   or	   probably	   for	  
people	   who	   have	   purchased	   the	   item	   can	   be	   sure	   of	   the	   shipping	   date	   for	   their	  
Argentum.	  
	  
	  
Figure	  232	  -­‐	  The	  Argentum	  
(Cartesian	  Co.,	  2014)	  Screenshot	  captured	  from	  their	  website.	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Figure	  233	  -­‐	  Three	  circuit	  examples	  
(Cartesian	  Co.,	  2014)	  Screenshot	  captured	  from	  their	  website.	  
	  
	  
Figure	  234	  -­‐	  Argentum	  purchase	  
(Cartesian	  Co.,	  2014)	  Screenshot	  captured	  from	  their	  website.	  
	  
This	  progress	  places	  the	  Argentum	  now	  at	  TRL	  9,	  as	  this	  product	  is	  now	  commercial,	  
available	  to	  buy	  and	  use.	  
	  
	  
AgIC	  Inc.	  
AgIC	  Inc.	  in	  April	  2014	  had	  a	  successfully	  funded	  Kickstarter	  campaign	  for	  a	  product	  
that	  differs	  slightly	  from	  the	  Cartesian	  Co.	  product.	  Achieving	  over	  their	  pledged	  goal	  
of	   $30,000,	   and	   receiving	   $79,939	   (AgIC	   Inc.,	   2014a),	   their	   product	   was	   the	   ‘AgIC	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Print’,	   which	   prints	   circuit	   boards	   using	   home	   computers,	   rather	   than	   the	   user	  
buying	  a	  separate	  printer.	  In	  the	  video,	  AgIC	  say	  that	  conductive	  tape	  or	  conductive	  
glue	  can	  be	  used	  rather	  than	  solder	  and	  it	  takes	  only	  one	  minute	  to	  print	  the	  circuit	  
(Figure	  235).	  	  
	  
They	  also	  say	  that	  they	  want	  to	  “bring	  the	  fun	  of	  circuit	  design	  to	  everyone”	  (AgIC	  
Inc.,	   2014a)	   in	   the	   video,	   demonstrating	   it	   as	   a	   family	   project,	   with	   the	   parents	  
printing	  out	  the	  circuit	  from	  their	  computer,	  and	  the	  child	  cutting	  out	  and	  colouring	  
in	  the	  design	  to	  make	  a	  light	  up	  penguin	  with	  LEDs	  and	  capacitive	  sensor	  to	  turn	  the	  
LEDs	   on	   and	   off	   (Figure	   236).	   The	   ink	   is	  water	   based,	   non-­‐toxic	  making	   it	   safe	   for	  
children,	  and	  contains	  highly	  conductive	  silver	  nano	  particles,	  meaning	  that	  the	   ink	  
can	  also	  be	  used	  in	  a	  pen	  or	  marker	  as	  well	  as	   in	  home	  inkjet	  printers.	   In	  addition,	  
patterns	  can	  also	  be	  tested	  for	  PCBs	  (Figure	  237),	  and	  then	  transfer	  them	  into	  PCBs,	  
lowering	  if	  not	  eliminating	  the	  need	  for	  them	  to	  be	  re-­‐ordered.	  	  
	  
Near	   the	  end	  of	   the	  video,	   they	  also	  mention	  that	   they	  would	   like	   to	  develop	  new	  
features	   including	   “double	   side	   printing,	   through	   hole	   making	   and	   insulation	  
coating”	  (AgIC	  Inc.,	  2014a).	  
	  
	  
	  
Figure	  235	  -­‐	  Attaching	  components	  with	  conductive	  tape	  or	  glue	  
(AgIC	  Inc.,	  2014a)	  Screenshot	  captured	  from	  Kickstarter	  video.	  
	  
	  
	  
Figure	  236	  -­‐	  Family	  project	  light	  up	  penguin	  circuit	  
(AgIC	  Inc.,	  2014a)	  Screenshot	  captured	  from	  Kickstarter	  video.	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Figure	  237	  -­‐	  PCB	  testing	  
(AgIC	  Inc.,	  2014a)	  Screenshot	  captured	  from	  Kickstarter	  video.	  
	  
	  
On	   their	   website	   (AgIC	   Inc.,	   2014b)	   are	   products	   available	   to	   purchase	   which	   are	  
their	   ‘Circuit	   Printer’	   (available	   to	   buy	  directly	   from	   them,	   offering	   ‘special	   paper’,	  
‘special	  PET	  film’	  to	  print	  on,	  and	  ‘circuit	  printer	  3	  cartridges	  set’	  containing	  the	  ink	  
for	  the	  users	  home	  printer)	  and	  ‘Circuit	  Marker’	  (Figure	  238)	  with	  a	  link	  to	  Amazon	  
to	  buy.	  On	   their	  home	  page	  are	  also	   images	  of	   their	  new	  product	   ‘Erasable	  Circuit	  
Marker’	  they	  also	  have	  examples	  of	  applications	  that	  users	  could	  apply	  AgIC’s	  range	  
of	  products,	   such	  as	   in	   a	   sensor	   interface	   (Figure	  239),	   an	  output	  device	  on	  paper	  
(Figure	  240),	  a	  birthday	  card	  (Figure	  241)	  and	  also	  the	  ability	  to	  erase	  or	  edit	  a	  part	  
of	  the	  circuit	  (Figure	  242).	  Their	  application	  examples	  and	  use	  of	  their	  inks	  are	  similar	  
to	  that	  of	  Bare	  Conductive,	  as	   they	  both	  have	  a	  similar	  approach,	  appealing	  to	  the	  
maker	   community	   and	   also	   educational	   approach.	   A	   link	   to	   their	   Kickstarter	  
campaign	   for	   their	   ‘Erasable	   Circuit	   Marker’	   is	   on	   their	   home	   page	   at	   the	   top	   is	  
provided	  to	  help	  promote	  it	  and	  raise	  awareness	  of	  product	  development.	  	  
	  
	  
	  
Figure	  238	  -­‐	  Circuit	  Marker	  
(AgIC	  Inc.,	  2014a)	  Screenshot	  captured	  from	  Kickstarter	  video.	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Figure	  239	  –	  Sensor	  Interface	  
(AgIC	  Inc.,	  2014b)	  Image	  from	  their	  home	  page.	  
	  
	  
	  
Figure	  240	  -­‐	  Output	  device	  on	  paper	  -­‐	  speaker	  application	  
(AgIC	  Inc.,	  2014b)	  Image	  from	  their	  home	  page.	  
	  
	  
	  
Figure	  241	  -­‐	  Birthday	  card	  application	  
(AgIC	  Inc.,	  2014b)	  Image	  from	  their	  home	  page.	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Figure	  242	  -­‐	  Erase/Edit	  a	  circuit	  
(AgIC	  Inc.,	  2014b)	  Image	  from	  their	  home	  page.	  
	  
	  
In	  AgIC’s	  Kickstarter	  campaign	  for	  the	  ‘Erasable	  Circuit	  Marker’	  (AgIC	  Inc.,	  2014c)	  was	  
successful,	   on	   14th	   January	   2015	   they	   aimed	   for	   a	   funding	   of	   $10,000	   goal	   and	  
received	  $13,989.	  	  	  
	  
This	  progress	  places	  some	  of	  AgIC’s	  products	  now	  at	  TRL	  9,	  as	  the	  products	  are	  now	  
commercial,	   available	   to	   buy	   and	   use,	   including	   their	   special	   papers,	   PET	   film	   and	  
cartridges	  for	  use	  on	  home	  computers	  and	  their	  circuit	  marker.	  	  
	  
Their	   new	  product	   ‘Erasable	   Circuit	  Marker’	   is	   at	   TRL	   4	   as	   it	   is	   a	   proof	   of	   concept	  
validation	  and	  process	  validation	   in	  a	   laboratory,	   it	   is	  a	  working	  prototype,	  but	  has	  
not	  gone	  into	  production	  yet	  without	  the	  Kickstarter	  funding.	  	  
	  
	  
Printed	  Electronics	  Ltd	  
Printed	  Electronics	   Ltd	  were	  asked	  by	  a	  customer	   to	  develop	  a	  method	  of	  printing	  
electronics	  onto	  any	  3D	  surface.	  As	  an	  example	  they	   inkjet	  printed	  a	  circuit	  onto	  a	  
wine	   bottle	   (Figure	   243),	   along	  with	  microcontroller	   and	   temperature	   sensor,	   also	  
LEDs	  (Howell,	  2014).	  
	  
	  
Figure	  243	  -­‐	  Printed	  circuit	  on	  a	  glass	  bottle	  
(Howell,	  2014)	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Flexographic	  –	  TRL9	  
Earliest	  mention	  of	  using	  conductive	  ink	  for	  use	  with	  flexographic	  printing	  was	  in	  an	  
ink	  formulation	  patent	  in	  2004	  (Lawrence,	  and	  Murphy,	  2004),	  the	  patent	  stated	  that	  
the	  ink	  could	  also	  be	  used	  for	  gravure	  printing.	  
	  
DuPont	  
DuPont	  in	  2010	  produced	  conductive	  ink	  within	  their	  microcircuit	  materials	  division	  
for	   flexographic	   printing	   (Converting	   Quarterly.,	   2010),	   their	   conductive	   carbon	  
coating	   ‘DuPont	   5067’	   (DuPont.,	   2013)	   and	   water-­‐based	   silver	   highly	   conductive	  	  
coating	   ‘DuPont	  5069’	   (DuPont.,	  2012a).	  These	   inks	  can	  be	  used	  with	  other	   inks	   to	  
create	  applications	  such	  as	  Radio	  Frequency	  Identification	  (RFID)	  tags,	  sensors,	  smart	  
packaging,	   solid	   state	   lighting	   and	   displays	   (Converting	   Quarterly.,	   2010).	   Their	  
conductive	  ink	  product	  (Figure	  219)	  is	  at	  TRL	  9,	  as	  it	  is	  commercial,	  ready	  for	  users	  to	  
buy	   and	   use;	   however,	   the	   inks	   have	   to	   be	   dried	   at	   70°C	   for	   2-­‐5	  minutes	   to	   cure	  
them	  (DuPont.,	  2012a;	  DuPont.,	  2013).	  
	  
	  
Appendix	  6.2:	  Passive	  Components	  
	  
Passive	  components	  or	  elements	  cannot	  provide	  any	  power	  gain;	  these	  are	  resistors,	  
inductors	  or	  capacitors	  (Rector,	  et	  al.	  1997.	  pp.	  713	  –	  723).	  Passive	  components	  are	  
components	  that	  do	  not	  rectify	  or	  amplify	  (Schultz,	  2011,	  pp.	  285).	  
In	   1995	   “almost	   all	   passive	   devices	   were	   implemented	   in	   electronic	   systems	   as	  
discrete-­‐like	   devices”	   (Rector,	   et	   al.	   1997.	   pp.	   713	   –	   723).	   These	   ‘discrete-­‐like	  
devices’	  were	  defined	  by	  Rector	  et	  al.	  as	  any	   individual	  component	  which	  contains	  
one	  or	  more	  of	  the	  passive	  elements	  (resistor,	  capacitor	  or	  inductor).	  	  
Amos,	  et	  al.	  define	  a	  passive	  component	  as	  being	  a	  component	  that	  does	  not	  contain	  
a	  source	  of	  energy,	  examples	  defined	  are	  inductors,	  capacitors	  and	  resistors	  (Amos,	  
et	  al.	  1999,	  p.230).	  
A	   ‘passive	   component’	   is	   “a	   device	   that	   is	   basically	   static	   in	   operation	   (i.e.	   it	   is	  
ordinarily	  incapable	  of	  amplification	  or	  oscillation	  and	  usually	  requires	  no	  power	  for	  
its	  characteristic	  operation)”	  identified	  by	  Gibilisco	  (Gibilisco,	  1997,	  p.508),	  examples	  
given	  are	  a	  conventional	  resistor,	  inductor,	  capacitor,	  diode,	  fuse	  and	  rectifier.	  	  
	  
	  
Lithographic	  
	  
Printed	  Passive	  Filter	  Networks	  (application)	  –	  TRL	  3	  
Fabricated	  from	  lithographically	  printed	  conductive	   ink,	   it	  enabled	  the	  device	  to	  be	  
made	  from	  a	  single	  ink	  and	  plate.	  The	  device	  purpose	  is	  to	  absorb	  a	  narrow	  band	  of	  
frequencies	  whilst	   transmitting	   all	   others;	   a	   passive	   RC	   notch	   type	   filter	  was	   used	  
(Figure	   244).	   The	   filter	   developed	   ‘Twin	   T’	   relied	   on	   critical	   matching	   of	   the	  
component	   values	   to	   deliver	   a	   sharp	   notch	   at	   the	   desired	   frequency	   (Cleaner	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Electronics	  Research	  Group,	  2000).	  Reaching	  TRL	  3,	  as	  it	  was	  an	  experimental	  proof	  
of	  concept	  and	  proof	  of	  concept	  research,	  but	  not	  TRL	  4	  as	  it	  was	  not	  validated.	  
	  
	  
Figure	   244	   -­‐	   The	   'Twin	   T'	   printed	   filter	   structures,	   designed	   to	   give	   good	   relative	  
tolerances,	  achieved	  ±1%	  
(Cleaner	  Electronics	  Research	  Group,	  2000).	  
	  
	  
Case	  study	  (undergone	  by	  Brunel	  Cleaner	  Electronics	  Research	  Group)	  
	  
Brunel	   undergone	   a	   case	   study	   on	   various	   switch	   devices,	   focusing	   closely	   on	  
computer	   keyboards,	   and	   in	   particularly	   at	   ‘Paper	   membrane	   switches	   for	   fully	  
featured	   computer	   keyboards’	   studying	   how	   they	  work,	   necessary	  ware	   resilience	  
for	   switch	   lifecycles	   and	   also	  materials	   used.	   They	   looked	   at	   both	   pad	   switch	   and	  
memory	  switch	  structures,	  also	  how	  they	  could	  likely	  fail,	  usually	  through	  excessive	  
electrical	  wear,	  mechanical	  wear	  or	  chemical	  corrosion	  (Cleaner	  Electronics	  Research	  
Group,	  2000).	  
	  
	  
Brunel’s	  experiment	  after	  case	  study	  –	  TRL	  5	  
The	  researchers	  selected	  an	  existing	  keyboard	  (Cherry®	  Business	  Line®) and	  removed	  
the	   existing	   membrane,	   which	   were	   the	   screen-­‐printed	   polyester	   components,	  
replacing	  it	  with	  CLF	  printed	  circuitry	  on	  paper	  (Figure	  245	  and	  Figure	  246)	  (Cleaner	  
Electronics	  Research	  Group,	  2000).	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Figure	  245	   -­‐	  Simplified	  diagram	  of	   the	  switch	  mechanism	  employed	   in	   the	  Cherry®	  
keyboard.	  
(Cleaner	  Electronics	  Research	  Group,	  2000).	  
	  
	  
Both	  of	  the	  Membrane	  Switch	  Substrates	  are	  formed	  from	  a	  single	  piece	  of	  material,	  
which	  is	  printed,	  die	  cut,	  and	  folded	  over	  so	  the	  printed	  side	  contacts	  itself	  through	  
the	  holes	  in	  the	  paper	  spacer	  (Cleaner	  Electronics	  Research	  Group,	  2000).	  
	  
	  
Figure	  246	  -­‐	  Simplified	  Membrane	  Circuit	  to	  PWB	  Connection	  
(Cleaner	  Electronics	  Research	  Group,	  2000).	  	  	  
	  
The	  printed	  paper	  circuit	  is	  connected	  to	  the	  encoder	  PWB	  by	  screwing	  the	  PWB	  into	  
place,	  trapping	  the	  membrane	  circuitry	  between	  the	  PWB	  and	  an	  elastomer.	  
Using	   an	   identical	   circuit	   layout	   to	   the	   original	   screen-­‐printed	   membranes,	   the	  
lithographic	  printed	  paper	  membranes	  were	  printed	  (Figure	  247	  and	  Figure	  248)	  on	  
a	   standard	   Gloss	   Art	   substrate	   (at	   80	   gsm,	   the	   paper	   is	   usually	   used	   for	   glossy	  
magazines	  and	  brochures)	  (Cleaner	  Electronics	  Research	  Group,	  2000).	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Figure	   247	   -­‐	   Paper	   membrane	   switch	   constituent	   parts,	   to	   right:	   spring	   support,	  
switch	  circuitry,	  spacer,	  switch	  circuitry.	  
(Cleaner	  Electronics	  Research	  Group,	  2000)	  
	  
	  
	  
Figure	  248	  -­‐	  Lithographically	  printed	  paper	  switch	  membrane.	  
(Cleaner	  Electronics	  Research	  Group,	  2000)	  
	  
	  
The	  resulting	  circuit	  track	  resistivity	  on	  the	  CLF	  paper	  membrane	  switch	  circuitry	  was	  
worse	   than	   that	   of	   the	   existing	   screen-­‐printed	   circuitry.	   The	   CLF	   paper	  membrane	  
switches	   have	   been	   tested	   to	   25	   million	   cycles	   for	   their	   contact	   life/mechanical	  
lifecycle	  testing,	  which	  is	  a	  figure	  in	  excess	  of	  most	  existing	  keyboard	  specifications;	  
also	  two	  keyboards	  have	  been	  used	  in	  real	  world	  office	  environments,	  one	  in	  which	  
has	   been	   used	   for	   6	   months	   without	   failure.	   This	   work	   has	   successfully	  
demonstrated	   the	   lithographically	   printed	   paper	   membrane	   switch	   suitability	   for	  
computer	  keyboard	  applications.	  This	  method	  of	  production	  also	  offers	  benefits	  such	  
as	   low	   volume/unit	   ink	   requirements	   and	   high	   production	   speed,	   as	   well	   as	  
environmental	   advantages,	   such	   as,	   lower	   energy	   per	   unit	   manufacturing	   cost,	  
reduced	   non-­‐renewable	   resource	   use,	   as	   polyester	   is	   replaced	   by	   paper/cellulose	  
material,	  also	  reduced	  raw	  material	  use	  as	  the	  quantity	  of	  deposited	  silver	  conductor	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is	  reduced	  (Figure	  249)	  (Cleaner	  Electronics	  Research	  Group,	  2000).	  Being	  used	  for	  6	  
months	  in	  real	  world	  office	  environments,	  TRL	  5	  was	  achieved,	  however,	  not	  TRL	  6	  as	  
it	  did	  not	  prove	  its	  process	  capability	  on	  production	  equipment.	  
	  
	  
Figure	  249	  -­‐	  Final	  assembly	  of	  the	  encoder	  PWB	  and	  paper	  switch	  membrane.	  
(Cleaner	  Electronics	  Research	  Group,	  2000).	  
	  
Brunel	  summarise	  their	  work	  on	  lithography	  as	  being	  an	  opportunity	  for	  industry	  to	  
achieve	   low	   cost	   production	   alternatives	   to	   conventional	   electronics;	   reducing	  
environmental	  impact	  and	  offering	  fast	  production.	  	  
	  
The	   researchers	   at	   Brunel	   submitted	   9	   journal	   publications,	   with	   a	   further	   3	   in	  
preparation,	   also	   attending	   and	   presenting	   at	   12	   conferences,	   and	   5	   patent	  
applications	  over	   the	  4	  years	   research	  period	   (Cleaner	  Electronics	  Research	  Group,	  
2000).	  	  
	  
‘Fabrication	  of	  Passive	  Electrical	  Components	  Using	  a	  Lithographic	  Printing	  Process’	  
patent	   application	   number:	   9621571.0,	   a	   UK	   application	   and	   was	   filed	   in	   1996	  
(Evans,	  2001).	  	  
	  
	  
	  
	  
	  
Appendix	  6.2.1:	  Resistors	  
	  
Resistors	  are	  electrical	  components,	  which	  are	  designed	  to	  have	  a	  specific	  amount	  of	  
resistance	  (Floyd,	  and	  Buchla,	  2014,	  p.1046).	  Amos	  et	  al.	  define	  a	  resistor	  as	  being	  a	  
component	  used	  primarily	  in	  a	  circuit	  because	  of	  its	  electrical	  resistance	  (Amos,	  et	  al.	  
1999,	  p.272).	  
A	  ‘resistor’	  is	  “a	  device	  having	  resistance	  concentrated	  in	  lumped	  form”	  identified	  by	  
Gibilisco	  (Gibilisco,	  1997,	  p.586).	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Screen	  –	  TRL9	  
In	   1981,	   resistors	   were	   screen	   printed	   onto	   ceramic-­‐coated	   substrates	   using	   a	  
dielectric	   composition	   that	   was	   fired	   at	   temperatures	   up	   to	   960°C	   (Kuzel,	   and	  
Broukal,	  1981.	  pp.	  235-­‐239).	  
	  
DuPont	  
DuPont	  produce	  printed	  electronic	  material	  ‘DuPont	  7082’	  (DuPont.,	  2012b)	  is	  an	  ink	  
created	  for	  screen	  printing	  to	  form	  resistors.	  The	  ink	  needs	  to	  be	  cured	  at	  120°C	  for	  
10	  minutes.	  This	  ink	  was	  recently	  used	  in	  Chang’s	  et	  al.	  research	  (Chang,	  et	  al.	  2014)	  
to	   produce	   fully	   additive	   printed	   electronic	   components	   on	   flexible	   substrates	  
(Figure	  250).	  Their	  ink	  product	  is	  at	  TRL	  9,	  as	  it	  is	  commercial,	  ready	  to	  buy	  and	  use.	  
	  
	  
Figure	  250	  -­‐	  Screen	  Printed	  Resistors	  DuPont	  7082	  
(Chang,	  et	  al.	  2014.	  P.703)	  
	  
	  
Gravure	  –	  TRL9	  
	  
DuPont	  
DuPont	   produce	   printed	   electronic	   materials	   (DuPont,	   2013)	   that	   can	   be	   used	   in	  
gravure	  printing	  to	  form	  resistors.	  Their	  ink	  product	  is	  at	  TRL	  9,	  as	  it	   is	  commercial,	  
ready	  for	  users	  to	  buy	  and	  use.	  
	  
	  
Flexographic	  –	  TRL9	  
	  
DuPont	  
DuPont	   produce	   printed	   electronic	   materials	   (DuPont,	   2013)	   that	   can	   be	   used	   in	  
flexographic	   printing	   to	   form	   resistors.	   Their	   ink	   product	   is	   at	   TRL	   9,	   as	   it	   is	  
commercial,	  ready	  for	  users	  to	  buy	  and	  use.	  
	  
	  
Lithographic	  –	  TRL4	  
	  
Printing	  resistors	  via	  offset	  lithography	  was	  first	  mentioned	  in	  1995	  by	  Harrison	  et	  al.	  
(Harrison,	   et	   al.	   1995),	   in	   1997	   they	   published	   a	   patent	   called	   ‘Electrical	   Circuit’	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(Harrison,	  et	  al.	  P.S.A.,	  1997)	  mentioning	  this	  manufacture	  of	  components	  including	  
resistors.	  
	  
Resistors	   were	   offset	   lithographically	   printed	   in	   2000	   (Figure	   251)	   by	   the	   Cleaner	  
Electronics	   Research	   Group	   of	   Brunel	   University	   in	   a	   printed	   thermometer	   circuit	  
(Cleaner	  Electronics	  Research	  Group,	  2000).	  This	  technology	  remains	  at	  TRL4.	  
	  
	  
Figure	  251	  -­‐	  Printed	  Thermometer	  Circuit	  with	  Interdigitated	  Resistors	  
(Cleaner	  Electronics	  Research	  Group,	  2000).	  
	  
Inkjet	  –	  TRL9	  
	  
An	  inkjet	  printed	  resistor	  was	  achieved	  in	  2000	  by	  Sirringhaus	  et	  al.	  (Sirringhaus,	  et	  
al.	   2000.	   pp.	   2123-­‐2126)	   using	   a	   line	   of	   the	   polymer	   material	   ‘poly(3,4-­‐
ethylenedioxythiophene):poly(styrene	   sulfonate)’	   (PEDOT:PSS)	   with	   an	   adjustable	  
resistance	  value.	  
	  
In	  2013	   resistors	  with	  a	  wide	   resistance	   range	  were	   inkjet	  printed	   (Figure	  252)	   for	  
the	   use	   in	   printed	   read-­‐only	  memory	   applications	   (Jung,	   et	   al.	   2013.	   pp.	   699-­‐702)	  
with	   resistance	   values	   varying	   over	   five	   orders	   of	   magnitude,	   demonstrated	   on	   a	  
flexible	  substrate.	  
	  
Figure	   252	   -­‐	   Inkjet	   printed	   PEDOT:PSS	   resistor	   line	   with	   triple	   over-­‐print	   between	  
two	  conductive	  silver	  lines	  
(Jung,	  et	  al.	  2013.	  p.	  701)	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Inkjet	   printable	   resistive	   carbon	   inks	   are	   commercially	   available	   from	   companies	  
such	  as	  Methode	  Electronics	  Inc.	  (Methode	  Electronics	  Inc.,	  2015)	  their	  ‘3800	  series	  
resistive	   carbon	   inkjet	   inks’	   are	   suggested	   to	   be	   used	   in	   sensors,	   lighting,	   RF	  
shielding,	  secure	  packaging	  and	  toys,	  placing	  inkjet	  printed	  resistors	  at	  TRL9.	  
	  
Appendix	  6.2.2:	  Capacitors	  
	  
A	   capacitor	   is	   an	   electrical	   device	   that	   has	   an	   insulating	   material	   separating	   two	  
conductive	   plates	   and	   possessing	   the	   property	   of	   capacitance	   (Floyd,	   and	   Buchla,	  
2014,	  p.1041).	  Amos	  et	  al.	  define	  a	  capacitor	  as	  being	  a	  component	  consisting	  of	  a	  
dielectric	  separating	  two	  plates	  (electrodes)	  that	   is	  used	  because	  of	   its	  capacitance	  
(Amos,	  et	  al.	  1999,	  p.44).	  
A	   ‘capacitor’	   is	  “a	  passive	  electronic-­‐circuit	  component	  consisting	  of,	   in	  basic	   form,	  
two	  metal	   electrodes	   or	   plates	   separated	   by	   a	   dielectric	   (insulator)”	   identified	   by	  
Gibilisco	  (Gibilisco,	  1997,	  p.96).	  	  
	  
	  
Screen	  –	  TRL9	  
	  
The	   first	   screen	   printed	   capacitor	   was	   a	   solid	   electrolytic	   capacitor,	   printed	   on	   a	  
tantalum	  substrate,	  patent	  published	  in	  1978	  (Millard,	  and	  Poat,	  1978).	  
	  
DuPont	  
DuPont	   produce	   printed	   electronic	   materials	   (DuPont,	   2013)	   that	   can	   be	   used	   in	  
screen	  printing	  to	  form	  capacitors.	  Their	  ink	  product	  is	  at	  TRL	  9,	  as	  it	  is	  commercial,	  
ready	  for	  users	  to	  buy	  and	  use.	  
	  
	  
Lithographic	  –	  TRL4	  
	  
Printing	  capacitors	  via	  offset	  lithography	  was	  first	  mentioned	  in	  1995	  by	  Harrison	  et	  
al.	   (Harrison,	  et	  al.	  1995),	   in	  1997	  they	  published	  a	  patent	  called	   ‘Electrical	  Circuit’	  
(Harrison,	   et	   al.	   1997)	   mentioning	   this	   manufacture	   of	   components	   including	  
capacitors.	  
	  
Capacitors	   were	   first	   lithographically	   printed	   in	   2000	   (Figure	   253)	   by	   the	   Cleaner	  
Electronics	   Research	   Group	   of	   Brunel	   University	   in	   a	   printed	   thermometer	   circuit	  
(Cleaner	  Electronics	  Research	  Group,	  2000).	  	  
	  
Printed	  Capacitors	  (application)	  –	  TRL	  4	  
Using	   the	  CLF	  process	   to	   fabricate	  capacitor	  devices	  was	  a	  key	  area	  of	   interest	   for	  
research;	  with	  the	  aim	  of	  developing	  a	  strategy	  for	  manufacturing	  small	  capacitance	  
value	   components	   as	   integral	   parts	   of	   the	   circuit’s	   substrate.	   These	   printed	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capacitors	  could	  be	  used	  in	  roles	  such	  as	  timing	  networks,	  decoupling,	  coupling	  and	  
sensor	  applications	  (Cleaner	  Electronics	  Research	  Group,	  2000).	  
	  
Collaborating	  with	  Gwent	   Electronic	  Materials	   (GEM),	   inks	  were	   formulated	   and	   a	  
printed	  capacitor	  was	  used	   in	  an	  unpopulated	   thermometer	  circuit	   (Figure	  253),	   in	  
an	   RC	   network	   with	   printed	   pull-­‐up	   resistors.	   The	   capacitors	   were	   created	   by	   a	  
multilayer	  method,	  constructed	  by	  sequentially	  printing	  dielectric	  and	  conductive	  ink	  
films	   (Cleaner	   Electronics	   Research	   Group,	   2000).	   These	   reached	   TRL	   4	   with	  
sufficient	   validation,	   however,	   not	   TRL	   5	   as	   the	   process	   was	   not	   validated	   on	  
production	  equipment	  or	  via	  prototype	  demonstration.	  
	  
	  
Figure	  253	  -­‐	  Printed	  Thermometer	  Circuit	  with	  Interdigitated	  Capacitor	  
(Cleaner	  Electronics	  Research	  Group,	  2000).	  
	  
	  
	  
Gravure	  –	  TRL9	  
	  
Using	  conductive	  paste,	  gravure	  printing	  capacitors	  was	  first	  published	  in	  a	  patent	  as	  
a	   method	   of	   manufacturing	   ceramic	   electronic	   components	   (Ishimoto,	   and	  
Hashimoto,	  2010).	  
	  
DuPont	  
DuPont	   produce	   printed	   electronic	   materials	   (DuPont,	   2013)	   that	   can	   be	   used	   in	  
gravure	  printing	  to	  form	  capacitors.	  Their	  ink	  product	  is	  at	  TRL	  9,	  as	  it	  is	  commercial,	  
ready	  for	  users	  to	  buy	  and	  use.	  
	  
	  
Flexographic	  –	  TRL9	  
	  
DuPont	  
DuPont	   produce	   printed	   electronic	   materials	   (DuPont,	   2013)	   that	   can	   be	   used	   in	  
flexographic	   printing	   to	   form	   capacitors.	   Their	   ink	   product	   is	   at	   TRL	   9,	   as	   it	   is	  
commercial,	  ready	  for	  users	  to	  buy	  and	  use.	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Inkjet	  
The	   fabrication	   of	   electrochemical	   capacitors	   based	   on	   inkjet	   printing	   patent	   was	  
first	   published	   in	   2011,	   it	   was	   also	   the	   first	   to	   be	   printed	   on	   a	   flexible	   substrate	  
(Zhou,	  et	  al.	  2011).	  
	  
A	  metal-­‐insulator-­‐metal	  (MIM)	  capacitor	  was	  created	  fully	  via	  inkjet	  printing	  (Figure	  
254)	  in	  2015	  (McKerricher,	  et	  al.	  2015.	  pp.	  1002-­‐1009)	  layers	  of	  custom	  made	  poly	  4-­‐
vinylphenol	   (PVP)	   as	   the	   dielectric	   material	   and	   commercially	   available	   silver	  
nanoparticle	   ink,	   printed	   with	   a	   Dimatix	   2800	   inkjet	   printer.	   The	   device	   was	  
fabricated	  on	  a	  glass	  slide	  for	  mechanical	  support.	  	  The	  PVP	  and	  silver	  inks	  are	  inkjet	  
printed	  in	  layers.	  ‘Dissolving	  vias’	  made	  from	  an	  alcohol-­‐based	  silver	  ink	  were	  inkjet	  
printed	  onto	  the	  PVP	  film	  which	  both	  dissolves	  the	  PVP	  and	  creates	  a	  conductive	  via	  
to	   the	   next	   layer	   (Figure	   255).	   These	   vias	   are	   repeatable,	   with	   less	   than	   0.1	   Ω	  
resistance.	  When	  the	  vias	  are	  achieved,	  the	  PVP	  is	  then	  thermally	  cross	  linked	  for	  20	  
minutes	  at	  180°C,	  this	   is	  then	  robust	  and	  cannot	  be	  dissolved	  by	  the	  solvent	  in	  the	  
alcohol-­‐based	  silver	  ink.	  The	  silver	  layers	  are	  also	  each	  sintered	  at	  180°C	  throughout	  
the	  device	  fabrication	  (Figure	  256).	  This	  has	  achieved	  TRL4	  as	  it	  is	  a	  proof	  of	  concept	  
validation	  and	  process	  validation	  in	  a	  laboratory	  environment.	  
	  
	  
Figure	  254	  -­‐	  Fully	  inkjet	  printed	  MIM	  capacitor	  
(McKerricher,	  et	  al.	  2015.	  pp.	  1006)	  
	  
	  
	  
Figure	  255	  -­‐	  Multilayer	  inkjet	  process	  stackup	  (side	  view)	  
(McKerricher,	  et	  al.	  2015.	  pp.	  1004)	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Figure	  256	  -­‐	  Process	  flow	  of	  fully	  inkjet	  printed	  inductor	  and	  capacitors	  
(McKerricher,	  et	  al.	  2015.	  pp.	  1004)	  
	  
	  
Appendix	  6.2.3:	  Inductors	  
	  
An	   inductor	   is	   an	  electrical	   component,	   exhibiting	   the	  property	  of	   inductance,	   this	  
passive	   component	   is	   formed	   by	   a	   coil	   of	   wire	   (Floyd,	   and	   Buchla,	   2014,	  p.1043).	  
Amos	  et	  al.	  define	  a	  inductor	  as	  being	  a	  component	  used	  because	  of	  its	  inductance	  
(Amos,	  et	  al.	  1999,	  p.168).	  
An	  ‘inductor’	  is	  “a	  coil	  of	  wire	  wound	  according	  to	  various	  designs,	  with	  or	  without	  a	  
core	   of	   ferromagnetic	   material,	   to	   concentrate	   the	   magnetic	   flux	   resulting	   from	  
current	   flowing	   in	   the	   wire.	   The	   coiling	   of	   the	   wire	   and/or	   the	   addition	   of	   a	  
ferromagnetic	   core	   increases	   the	   self-­‐inductance	   compared	  with	   that	   of	   a	   straight	  
wire	  having	  the	  same	  length”	  identified	  by	  Gibilisco	  (Gibilisco,	  1997,	  p.356).	  	  
	  
	  
Screen	  –	  TRL4	  
A	  screen	  printed	   inductor	  was	   first	  published	   in	  1997,	  and	  was	   fabricated	  at	  a	   low	  
temperature	   (Park,	   et	   al.	   1997).	   The	   first	   patent	   for	   a	   screen	   printed	   inductor	   coil	  
was	  published	  in	  2000	  (Liberatore,	  et	  al.	  2000),	  where	  the	  embedded	  inductors	  were	  
created	  by	  printing	  onto	  one	  or	  more	  ferrite	  tapes.	  	  
	  
Chang’s	  et	  al.	  research	  (Chang,	  et	  al.	  2014)	  produced	  fully	  additive	  printed	  electronic	  
components,	   an	   inductor	   (Figure	   257)	   was	   produced	   via	   screen	   printing,	   then	   an	  
ultra	  violet	  (UV)	  light	  source	  and	  a	  slot	  die	  coater	  on	  a	  flexible	  substrate	  and	  would	  
be	   sufficient	   for	   many	   applications,	   such	   as	   RFID.	   This	   achieved	   TRL	   4	   as	   it	   was	  
validated	  in	  a	  laboratory.	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Figure	  257	  -­‐	  Inductor	  screen	  printed	  
(Chang,	  et	  al.	  2014)	  
	  
	  
Gravure	  
	  
Flexographic	  
	  
Lithographic	  
	  
Inkjet	  
	  
A	  metal-­‐insulator-­‐metal	   (MIM)	   inductor	  was	  created	  fully	  via	   inkjet	  printing	   (Figure	  
258)	  in	  2015	  (McKerricher,	  et	  al.	  2015.	  pp.	  1002-­‐1009)	  layers	  of	  custom	  made	  poly	  4-­‐
vinylphenol	   (PVP)	   as	   the	   dielectric	   material	   and	   commercially	   available	   silver	  
nanoparticle	   ink,	   printed	   with	   a	   Dimatix	   2800	   inkjet	   printer.	   The	   device	   was	  
fabricated	  on	  a	  glass	  slide	  for	  mechanical	  support.	  	  The	  PVP	  and	  silver	  inks	  are	  inkjet	  
printed	  in	  layers.	  ‘Dissolving	  vias’	  made	  from	  an	  alcohol-­‐based	  silver	  ink	  were	  inkjet	  
printed	  onto	  the	  PVP	  film	  which	  both	  dissolves	  the	  PVP	  and	  creates	  a	  conductive	  via	  
to	   the	   next	   layer	   (Figure	   255).	   These	   vias	   are	   repeatable,	   with	   less	   than	   0.1	   Ω	  
resistance.	  When	  the	  vias	  are	  achieved,	  the	  PVP	  is	  then	  thermally	  cross	  linked	  for	  20	  
minutes	  at	  180°C,	  this	   is	  then	  robust	  and	  cannot	  be	  dissolved	  by	  the	  solvent	  in	  the	  
alcohol-­‐based	  silver	  ink.	  The	  silver	  layers	  are	  also	  each	  sintered	  at	  180°C	  throughout	  
the	  device	  fabrication	  (Figure	  256).	  This	  has	  achieved	  TRL4	  as	  it	  is	  a	  proof	  of	  concept	  
validation	  and	  process	  validation	  in	  a	  laboratory	  environment.	  
	  
	  
Figure	  258	  -­‐	  Fully	  inkjet	  printed	  2.5	  turn	  inductor	  
(McKerricher,	  et	  al.	  2015.	  pp.	  1007)	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Appendix	  6.3:	  Sensors	  
	  
Amos	  et	  al.	  define	  a	  sensor	  as	  being	  “a	  transducer	  whose	  output,	  usually	  electrical,	  is	  
used	  as	  the	  input	  to	  measuring	  or	  monitoring	  equipment”	  (Amos,	  et	  al.	  1999,	  p.288).	  
Sensors	  are	  “the	  means	  by	  which	   the	  environment	   is	  detected”	   (Kirchmeyer,	  et	  al.	  
2013,	   p.18).	   Within	   printed	   electronics,	   printed	   sensors	   have	   already	   been	  
developed	  and	  produced,	  currently	  existing	  as	  “stand-­‐alone	  products”	  (Kirchmeyer,	  
et	  al.	  2013,	  p.18).	  	  
A	   ‘sensor’	   is	   “a	   device	   that	   samples	   a	   phenomenon	   and	   delivers	   a	   proportionate	  
current	   or	   voltage	   in	   terms	   of	   which	   the	   intensity	   of	   the	   phenomenon	   can	   be	  
measured	  or	  with	  which	  control	  action	  can	  be	  initiated”	  or	  “an	  electronic	  device	  that	  
detects	  abnormal	  conditions	  (e.g.	  smoke	  and	  heat)	  and	  delivers	  a	  warning	  signal	  to	  
human	  operators	  and/or	  computers”	  or	  “an	  electronic	  device	  that	  detects	  intrusion	  
to	  a	  premises	  and	  delivers	  a	  warning	  signal	  to	  human	  operators	  and/or	  computers”	  
identified	  by	  Gibilisco	  (Gibilisco,	  1997,	  p.607).	  	  
	  
	  
There	   are	   many	   different	   types	   of	   sensors	   such	   as	   pressure,	   touch,	   optical,	  
electrochemical	  (Clare,	  2014),	  temperature,	  pH,	  humidity,	  gas	  concentration	  (Wang,	  
et	  al.	  2012,	  pp.	  556-­‐561)	  etc.	  	  
	  
The	  advantages	  are	  that	  the	  structure	  of	  sensors	  are	  much	  more	  simple	  than	  that	  of	  
displays	   or	   logic	   circuits,	   therefore	   leading	   to	   less	   of	   a	   steep	   technology	   barrier	  
against	   commercialisation	   compared	   to	   many	   other	   applications	   (Chansin,	   2013).	  
The	  market	   for	  printed	  and	   flexible	   sensors	   is	   also	  predicted	   to	   “increase	  by	  more	  
than	  $1	  billion	  by	  2020”	  (Chansin,	  2013).	  	  
	  
Kirchmeyer	  et	  al.	  (Kirchmeyer,	  et	  al.	  2013,	  p.18)	  identifies	  the	  key	  future	  challenges	  
for	  this	  technology	  is	  to	   integrate	  different	  components,	   in	  particular	   interfacing	  to	  
printed	  electronic	  circuitry.	  	  	  
	  
	  
Examples	  of	   the	   technology	  being	  used	  are	  glucose	   test	   strips,	   these	  being	  a	  huge	  
success	   at	   a	   multi-­‐billion	   dollar	   market,	   it	   uses	   on	   each	   strip,	   printed	   conductor	  
electrodes.	   There	   are	   many	   more	   types	   of	   sensors	   coming	   to	   the	   market.	  
Prototypes/demonstrators	  are	  already	  available,	  including	  an	  innovation	  from	  ISORG	  
with	   their	   motion	   sensors,	   able	   to	   detect	   someone’s	   presence;	   another	   is	  
temperature	  sensing	  from	  companies	  such	  as	  PARC,	  and	  PST	  Sensors	  etc.	  (IDTechEx.,	  
2014a).	  	  
	  
Future	  for	  sensors:	  
	  
Printed	   sensors	   have	   an	   emerging	   new	   generation,	   using	   the	   latest	   materials	  
including	  nanoparticles,	  organic	  semiconductors	  or	  quantum	  dots	  (Chansin,	  2013).	  It	  
is	  predicted	  that	  these	  emerging	  applications	  will	  be	  a	  significant	  share,	  by	  2024,	  of	  
the	   future	   multi-­‐billion	   dollar	   valued	   printed	   sensor	   market	   (Chansin,	   2013).	   The	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relative	  market	  size	  predicted	  for	  2024	  for	  printed	  and	  flexible	  sensors	  can	  be	  seen	  
in	   the	   below	   pie-­‐chart	   (Figure	   259).	   The	   second	   largest	  market	   is	   predicted	   to	   be	  
hybrid	   CMOS	   sensors,	   also	   due	   to	   new	   printable	   photoelectric	  materials	   replacing	  
silicon	  (Chansin,	  2013).	  This	  is	  used	  in	  many	  applications	  where	  high	  sensitivity,	  high	  
dynamic	   range	  and	   infrared	  detection	  are	   important	   features,	   as	   the	  photoelectric	  
material	   is	   used	   as	   the	   light	   sensing	   layer	   in	   the	   applications,	   examples	   include	  
security	  cameras	  and	  consumer	  electronics.	  (Chansin,	  2013).	  
	  
	  
	  
Figure	  259	  -­‐	  Relative	  market	  size	  for	  printed	  and	  flexible	  sensors	  in	  2024	  
(Chansin,	  2013).	  
	  
	  
Kirchmeyer	  et	  al.	  (Kirchmeyer,	  et	  al.	  2013,	  p.18)	  believes	  the	  future	  development	  of	  
sensors	   is	   related	   to	   its	   integration	  with	   other	   functionalities	   into	   a	   smart	   system.	  
Kirchmeyer	   et	   al.	   also	   predicting	   that	   both	   electrical/electrochemical	   and	   optical	  
sensor	   components	   would	   be	   used,	   along	   with	   progression	   from	   physical	   sensor	  
arrays	  and	  test	  strips	  which	  are	  already	  currently	  available.	  	  Predicted	  in	  the	  medium	  
term,	   integration	   of	   other	   functionalities	   such	   as	   memory,	   display	   readouts	   or	  
control	   electronics	   and	   also	   disposable	   test	   strips.	   In	   the	   longer	   term,	   thoughts	   of	  
skins	  and	  smart	  buildings	  (Kirchmeyer,	  et	  al.	  2013,	  p.18).	  
	  
	  
Appendix	  6.3.1:	  Biosensors	  (chemical)	  
Biosensors	  “use	  a	  combination	  of	  biological	  receptor	  compounds	  (antibody,	  enzyme	  
nucleic	  acid,	  etc.)	  and	  the	  physical	  or	  physic-­‐chemical	  transducer	  directing,	   in	  most	  
cases,	   “real-­‐time”observation	   of	   a	   specific	   biological	   event	   (e.g.	   antibody-­‐antigen	  
interaction)”	  (Palchetti,	  and	  Mascini,	  2010.	  p.	  15).	  
	  
In	  the	  Gwent	  Group	  Ltd	  presentation,	  given	  by	  Professor	  Brian	  Birch,	  a	  biosensor	  was	  
defined	  very	  simply	  as	  “a	  device	  that	  utilises	  biological	  components	  e.g.	  enzymes	  to	  
indicate	  the	  amount	  of	  biomaterial”	  (Birch,	  2015).	  
	  
	   499	  
Screen	  –	  TRL9	  
	  
DuPont	  
DuPont	   produce	   printed	   electronic	   materials	   (DuPont,	   2013)	   that	   can	   be	   used	   in	  
screen	  printing	  to	  form	  bio	  sensors.	  Their	  ink	  product	  is	  at	  TRL	  9,	  as	  it	  is	  commercial,	  
ready	  for	  users	  to	  buy	  and	  use.	  
	  
	  
Flexographic	  –	  TRL9	  
	  
DuPont	  
DuPont	   produce	   printed	   electronic	   materials	   (DuPont,	   2013)	   that	   can	   be	   used	   in	  
flexographic	   printing	   to	   form	   bio	   sensors.	   Their	   ink	   product	   is	   at	   TRL	   9,	   as	   it	   is	  
commercial,	  ready	  for	  users	  to	  buy	  and	  use.	  
	  
	  
Gravure	  –	  TRL9	  
	  
DuPont	  
DuPont	   produce	   printed	   electronic	   materials	   (DuPont,	   2013)	   that	   can	   be	   used	   in	  
gravure	   printing	   to	   form	   bio	   sensors.	   Their	   ink	   product	   is	   at	   TRL	   9,	   as	   it	   is	  
commercial,	  ready	  for	  users	  to	  buy	  and	  use.	  
	  
Lithographic	  
	  
Inkjet	  
	  
	  
	  
Appendix	   6.3.2:	   Capacitive/Touch	   (touch/dielectric	  
difference	  from	  air	  –	  such	  as	  touch	  screens)	  
Amos	  et	  al.	  defines	  capacitance	  as	  being	  “a	  property	  of	  two	  conductors,	  electrically	  
insulated	   from	   each	   other,	   which	   enables	   them	   to	   store	   charge	  when	   a	   potential	  
difference	  exists	  between	  them”	  (Amos,	  et	  al.	  1999,	  p.43).	  
A	   ‘capacitance	   sensor’,	   also	   a	   ‘capacitance	   transducer’	   is	   “a	   transducer	   consisting	  
essentially	  of	  a	  refined	  variable	  capacitor	  whose	  value	  is	  varied	  by	  a	  quantity	  under	  
test,	   such	   as	   pressure,	   temperature,	   liquid	   level,	   etc.”	   identified	   by	   Gibilisco	  
(Gibilisco,	  1997,	  p.96).	  	  
A	   ‘capacitive	  proximity	  sensor’,	   is	  “a	  transducer	  used	   in	  mobile	  robots	  that	  detects	  
the	  presence	  of	  certain	  kinds	  of	  objects.	  It	  consists	  of	  an	  oscillator	  whose	  frequency	  
is	   determined	   by	   an	   inductance-­‐capacitance	   (LC)	   circuit	   to	   which	   a	   metal	   plate	   is	  
connected.	  When	  a	  conducting	  or	  partially	  conducting	  object	  comes	  near	  the	  plate,	  
the	  mutual	   capacitance	   changes	   the	   oscillator	   frequency.	   This	   change	   is	   detected	  
and	  sent	  to	  the	  robot	  controller”	  identified	  by	  Gibilisco	  (Gibilisco,	  1997,	  p.96).	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Screen	  –	  TRL9	  
In	   2013	   the	   company	   Advanced	   Decorative	   Systems	   (ADS)	   produced	   an	   overhead	  
console	   (Figure	   260)	   with	   capacitive	   touch	   switches	   for	   the	   ‘Ford	   Fusion’	   car	  
(Advanced	   Decorative	   Systems,	   2015);	   it	   incorporated	   screen	   printed	   capacitive	  
sensors	   and	   associated	   wiring	   using	   DuPont’s	   silver	   ink	   (ADS	   US	   Inc.,	   2012).	   It	  
achieved	  TRL9	  as	  it	  was	  commercially	  available	  in	  the	  Ford	  Fusion.	  	  
	  
	  
Figure	  260	  -­‐	  Ford	  Fusion	  Console	  -­‐	  screen	  printed	  capacitive	  sensors	  and	  circuitry	  
(ADS	  US	  Inc.,	  2012)	  
	  
Inkjet	  –	  TRL9	  
Ynvisible’s	   Printoo	   products	   are	   inkjet	   printed	   (Ynvisible,	   2014),	   their	   capacitive	  
touch	  sensors	  (Printoo,	  2015)	  referred	  to	  as	  capacitive	  sensing	  keys	  (Figure	  261),	  are	  
at	  TRL9	  as	  they	  are	  commercially	  available.	  	  
	  
	  
Figure	  261	  -­‐	  Capacitive	  sensing	  keys	  -­‐	  Printoo	  
(Printoo,	  2015)	  
	  
	  
	  
Gravure	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Lithographic	  
	  
Flexographic	  
	  
	  
	  
Appendix	  Piezoresistive	  (force)	  
‘Piezo’	  is	  “a	  prefix	  meaning	  pressure”	  identified	  by	  Gibilisco	  (Gibilisco,	  1997,	  p.523).	  	  
	  
Screen	  –	  TRL4	  
Published	   in	   2002,	   a	   screen	  printed	   array	  of	   passive	   contact	   piezoresistive	   sensors	  
(Figure	  262)	  they	  called	  a	  ‘smart	  skins	  sensor’	  were	  produced	  from	  Papakostas’	  et	  al.	  
research	   (Papakostas,	   et	   al.	   2002).	   	   Suggested	   applications	   with	   the	   real-­‐time	  
pressure	   profiles	   included	   measuring	   tire	   pressure	   for	   tire	   manufacturing,	   and	  
measuring	   foot	   pressure	   distribution	   for	   designing	   shoes	   built	   for	   comfort	   or	  
athletes;	  more	  novel	  applications	  mentioned	  were	  smart	  floors	  and	  smart	  objects.	  	  
	  
	  
Figure	  262	  -­‐	  Piezoresistive	  sensor	  structure	  screen	  printed	  
(Papakostas,	  et	  al.	  2002)	  
	  
	  
In	  more	  recent	  years	  (Lakhmi,	  et	  al.	  2010)	  glass	  ceramic	  screen	  printed	  force	  sensors	  
have	  been	  fabricated	  (Figure	  263).	  This	  progress	  remains	  at	  TRL4,	  achieving	  proof	  of	  
concept	  and	  process	  validation	  in	  a	  laboratory.	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Figure	  263	  -­‐	  Fabricating	  screen	  printed	  force	  sensor	  
(Lakhmi,	  et	  al.	  2010)	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Appendix	  Piezoelectric	  
A	   ‘piezoelectric	   sensor’,	   also	   called	   a	   ‘crystal	   transducer’	   is	   “a	   transducer	   using	   a	  
piezoelectric	  crystal	  as	  the	  sensitive	  element”	  identified	  by	  Gibilisco	  (Gibilisco,	  1997,	  
p.156),	  examples	  given	  are	  crystal	  loudspeaker,	  crystal	  earphone,	  crystal	  pickup	  and	  
crystal	  microphone.	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Appendix	  6.3.3:	  Force/Strain	  sensor	  
‘Strain’	   is	   “a	   force	   that	   compresses	   or	   squeezes	   a	   body”	   identified	   by	   Gibilisco	  
(Gibilisco,	  1997,	  p.646).	  	  
	  
Screen	  –	  TRL9	  
Tekscan’s	  screen	  printed	  ‘FlexiForce’	  sensors	  (Tekscan,	  2015)	  come	  in	  a	  wide	  variety	  
of	   types	   and	   also	   a	   range	   that	   offer	   substrates	   that	   will	   withstand	   much	   higher	  
temperatures.	  These	  are	  all	  commercially	  available	  (Figure	  264),	  reaching	  TRL9,	  they	  
can	  also	  be	  custom	  made	  to	  fit	  the	  desired	  application.	  These	  sensors	  have	  already	  
been	   used	   in	   successful	   projects	   with	   products	   produced	   including	   assistive	  
communication	  devices,	  colour	  balancer	  quality	  control,	  aid	  in	  concussion	  detection	  
research,	  bed	  monitoring	  systems,	  CPR	  force	  feedback,	  fitness	  training	  devices,	  golf	  
grip	  measuring	  device	  etc.	  	  
	  
	  
Figure	  264	  -­‐	  FlexiForce	  sensors	  screen	  printed	  
(Tekscan,	  2015)	  
	  
Gravure	  
	  
Flexographic	  
	  
Lithographic	  
In	  Hay’s	  et	  al.	  research	  (Hay,	  et	  al.	  2005)	  a	  lithographically	  printed	  strain	  gauge	  was	  
successfully	  produced	  (Figure	  265),	  achieving	  TRL	  4	  as	  the	  concept	  and	  process	  was	  
validated	  within	  a	  laboratory.	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Figure	  265	  -­‐	  Strain	  gauge	  lithographically	  printed	  
(Hay,	  et	  al.	  2005)	  
	  
	  
Inkjet	  
	  
Appendix	  6.3.4:	  Humidity	  
	  
	  
Humidity	   sensors	   are	   designed	   to	   measure	   water	   vapour	   content	   in	   ambient	  
atmospheres,	   they	   measure	   “alterations	   induced	   by	   atmospheric	   moisture	   in	   a	  
material	  which	  is	  sensitive	  to	  water	  content”	  (RS	  Components	  Pty	  Ltd.,	  2015).	  
	  
Mehrabani	  et	  al.	  describes	  a	  humidity	  sensor	  as	  the	  ability	  to	  measure	  and	  monitor	  
“the	  relative	  humidity	  of	  the	  environment”	  (Mehrabani,	  et	  al.	  2013.	  p.	  1).	  
	  
Discussing	   humidity	   sensors,	   Yamazoe	   states	   “sensors	   utilize	   a	   common	  
phenomenon,	   that	   is,	   physical	   adsorption	   (or	   absorption)	   of	   water	   molecules”	  
(Yamazoe,	   and	   Shimizu,	   1986.	   p.	   381)	   and	   that	   “measurements	   and/or	   control	   of	  
humidity	  are	  important	  not	  only	  for	  human	  comfort	  but	  also	  for	  a	  brad	  spectrum	  of	  
industries	  and	  technologies”	  (Yamazoe,	  and	  Shimizu,	  1986.	  p.	  379).	  
	  
Screen	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Flexographic	  
	  
Lithographic	  TRL4	  
	  
In	   2002	   Harrey	   et	   al.	   (Harrey,	   et	   al.	   2002)	   published	   work	   on	   an	   offset	  
lithographically	   printed	   humidity	   sensor,	   fabricated	   on	   a	   polymide/PES	   film	   (a	  
moisture	  sensitive	  polymer)	  in	  which	  the	  printed	  electrodes	  adhered	  well	  on	  either	  
side.	   Printing	   via	   offset	   lithography	   allowed	   for	   electrode	   patterns	   to	   include	  
microscopic	  pores	  (Figure	  266),	  allowing	  for	  the	  electrodes	  to	  respond	  more	  quickly	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than	  sensors	  that	  do	  not	  incorporate	  these	  microscopic	  pores.	  A	  photo	  in	  colour	  of	  
the	   humidity	   sensor	   from	   this	   research	   (Figure	   267)	   was	   presented	   by	   Southee	  
(Southee,	   2007)	   in	  2007.	   This	   reaches	  and	  has	   stayed	  at	   TRL4	  as	   it	  was	  a	  proof	  of	  
concept	  validated	  in	  the	  laboratory.	  
	  
	  
Figure	  266	  -­‐	  Microscopic	  pores	  electrode	  patterning	  via	  offset	  lithography	  
(Harrey,	  et	  al.	  2002)	  
	  
	  
	  
Figure	  267	  -­‐	  Humidity	  Sensor	  printed	  by	  offset	  lithography	  on	  polyimide	  film	  
(Southee,	  2007)	  
	  
	  
Inkjet	  
	  
Appendix	  6.3.5:	  Photodetector	  (light)	  
A	   ‘photodetector’	   is	   “An	   illumination	   meter	   that	   uses	   a	   photocell”	   identified	   by	  
Gibilisco	   (Gibilisco,	   1997,	   p.519).	   A	   ‘photoelectric	   cell’	   is	   “a	   device	   that	   converts	  
infrared,	  visible-­‐light,	  or	  ultraviolet	  energy	  into	  electricity	  or	  electrical	  effects.	  It	  can	  
function	  by	  producing	  a	  voltage	  or	  by	  acting	  as	  a	  light-­‐sensitive	  resistor”	  identified	  by	  
Gibilisco	  (Gibilisco,	  1997,	  p.519).	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Screen	  –	  TRL9	  
Isorg’s	  organic	  photodetector	  sliders	  (Isorg,	  2013),	  that	  can	  detect	  hand	  movements,	  
are	  produced	  via	  screen	  printing	  and	  slot	  die	  coating,	   they	  are	  at	  TRL9	  as	   they	  are	  
commercially	  available,	  and	  also	  available	  to	  buy	  from	  printoo	  (Printoo,	  2015).	  	  
	  
	  
Figure	  268	  -­‐	  Photo	  detector	  slider	  -­‐	  Isorg	  
(Printoo,	  2015)	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Appendix	  6.3.6:	  Temperature	  sensor	  
‘Temperature’	   is	   “a	   quantitative	   measure	   of	   the	   heat	   exhibited	   by	   an	   object	   or	  
phenomenon”	  identified	  by	  Gibilisco	  (Gibilisco,	  1997,	  p.664).	  	  
	  
Lithographic	  	  
	  
Microprocessor	  Thermometer	  (prototype)	  	  
Low	   power	   seven	   segment	   displays,	   zinc/air	   cells,	   a	   PIC	   microcontroller	   and	  
associated	   circuitry	   made	   up	   the	   thermometer	   (Figure	   269).	   An	   external	   RC	  
combination	  was	  used	  by	  the	  microcontroller,	  in	  order	  to	  set	  the	  processor	  speed	  to	  
4MHz;	  the	  time	  taken	  to	  discharge	  a	  capacitor	  through	  a	  thermistor	  determined	  the	  
temperature.	   They	   were	   printed	   on	   ‘Teslin’,	   ‘GlossArt’,	   ‘FR4’	   and	   polyester	  
substrates,	  the	  several	  devices	  constructed	  proved	  to	  be	  very	  reliable.	  The	  substrate	  
was	  used	  to	  form	  the	  switch	  and	  cell	  holder	  for	  the	  device,	  along	  with	  the	  electrical	  
interconnect	  (Cleaner	  Electronics	  Research	  Group,	  2000).	  
	  
The	   first	  of	   the	  demonstrators	  had	  been	  operational	   for	  2	  years;	   the	   tracks	  on	   the	  
assembled	   circuits	   has	   discoloured	   as	   no	   lacquer	   or	   other	   protection	  was	   applied,	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however	   it	   has	   not	   altered	   the	   functionality	   of	   the	   devices	   (Cleaner	   Electronics	  
Research	   Group,	   2000).	   The	   prototype	   achieved	   a	   successful	   prototype	  
demonstration,	   being	   used	   and	   operational	   for	   2	   years;	   but	   it	   did	   not	   prove	   its	  
process	  capability	  on	  production	  equipment.	  The	  temperature	  sensor	  itself	  was	  not	  
lithographically	  printed,	  it	  was	  a	  surface	  mounted	  component;	  is	  the	  only	  published	  
example	  of	  a	  temperature	  sensor	  being	  used	  in	  relation	  to	  a	  lithographically	  printed	  
circuit.	  
	  
	  
Figure	  269	  -­‐	  Microprocessor	  thermometer,	  designed	  to	  illustrate	  the	  surface-­‐mount	  
and	  digital	  applications	  of	  this	  technology	  
(Cleaner	  Electronics	  Research	  Group,	  2000).	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Appendix	  6.3.7:	  Gas	  sensors	  
A	   ‘Gas’	   is	   “one	  of	   the	  states	  of	  matter,	   characterized	  by	  molecules	   that	  are	  widely	  
separated	  and	  are	  in	  continual,	  relatively	  rapid	  motion.	  Because	  it	  is	  a	  fluid,	  a	  gas	  will	  
readily	  conform	  to	  a	  container	  of	  any	  shape.	  Gases	  can	  readily	  be	  compressed	  and	  
liquefied”	  identified	  by	  Gibilisco	  (Gibilisco,	  1997,	  p.306).	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Thick-­‐film	   method	   in	   screen	   printing	   a	   one-­‐electrode	   semiconductor	   gas	   sensor	  
achieved	   a	   practical	   limit	   for	   the	  minimum	   line	  width	   at	   approximately	   100	  μm	   in	  
1995	  (Golovanov,	  et	  al.	  1995.	  pp.	  874-­‐877).	  
	  
Gravure	  
Thick-­‐film	   method	   in	   gravure	   offset	   printing	   a	   one-­‐electrode	   semiconductor	   gas	  
sensor	  achieved	  a	  thickness	  of	  between	  1	  to	  3	  μm	  in	  1995,	  and	  a	  line	  width	  down	  to	  
50	  μm,	  offering	  possibilities	   for	   fine-­‐line	  printing	   (Golovanov,	   et	   al.	   1995.	   pp.	   874-­‐
877).	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Appendix	  6.4:	  Displays	  
	  
Amos	  et	  al.	  define	  a	  ‘display’	  as	  “the	  visual	  presentation	  of	  data	  in	  alphanumeric	  or	  
graphical	  form	  or	  as	  a	  drawing,	  usually	  on	  the	  screen	  of	  a	  cathode	  ray	  tube”	  (Amos,	  
et	  al.	  1999,	  p.98).	  
A	  ‘display’	  is	  a	  “visually	  observable	  presentation	  of	  information,	  such	  as	  data	  entered	  
into	   a	   computer,	   an	   answer	   to	   a	   problem	   solved	   by	   a	   computer,	   the	   value	   of	   a	  
measured	  quantity,	  or	  a	  graph	  of	  a	  function”	  or	  “the	  screen	  in	  a	  computer	  system	  or	  
terminal	   that	   visually	   portrays	   text	   and	   graphical	   data.	   In	   laptop,	   notebook,	   and	  
portable	   computers,	   this	   is	   usually	   a	   liquid-­‐crystal	   display	   (LCD);	   in	   desktop	  
computers	   and	   terminals,	   it	   is	   usually	   a	   cathode-­‐ray	   tube	   (CRT)”	   or	   “to	   portray	  
information	  in	  a	  visual	  manner	  (e.g.	  as	  text,	  numerals,	  symbols	  or	  graphic	   images)”	  
identified	  by	  Gibilisco	  (Gibilisco,	  1997,	  p.200).	  	  
	  
Appendix	  6.4.1:	  Indicator	  
In	   this	   research	   an	   indicator	   display	   represents	   a	   display	   that	   indicates	   whether	  
something	  is	  either	  ‘on’	  or	  ‘off’	  such	  as	  a	  single	  pixel.	  
	  
Screen	  –	  TRL9	  
The	  first	  patent	  for	  creating	  an	  indicator	  display	  via	  screen	  printing	  was	  filed	  in	  1995	  
and	  published	  in	  2000	  (Albert,	  et	  al.	  2000).	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Screen	  printed	  light	  emitting	  displays	  requiring	  an	  AC	  power	  source.	  The	  advantages	  
are	  that	   it	   is	   light	  emitting	  segments	  that	  are	   low	  cost,	  which	  are	  conformable	  and	  
relatively	   thin;	   short	   lead	   time	   (typically	   4	   weeks),	   for	   packaging	   applications,	  
lifetime	   is	   good	   enough.	   Also	   for	   A4	   size	   promotional	   posters,	   costs	   can	   be	   under	  
$10,	  when	  produced	   in	   volume;	   including	  display	  driver	   and	  power	   supply	   for	   less	  
than	   just	   a	   few	  dollars.	  Disadvantages	  are	  due	   to	  high	   voltage	   supply	   (120V-­‐240V)	  
used	  often	  results	  in	  emitting	  a	  hum,	  and	  high	  levels	  of	  light	  can	  make	  it	  difficult	  to	  
see	   the	   active	   parts	   of	   the	   display.	   Examples	   of	   the	   technology	   being	   used	   are	  
moving	   images	  on	  Copoya	  rum	  labels	  (USA);	  moving	   images	  on	  Ballantine’s	  Whisky	  
promotional	   bottles	   (Europe),	   moving	   images	   on	   Bombay	   Sapphire	   boxes	   (Figure	  
270).	   Also	   a	   large	   number	   of	   brands	   with	   various	   other	   off-­‐package	   promotional	  
signage,	  such	  as	  posters	  etc.;	  and	  wearable’s	  including	  novelty/promotional	  T-­‐shirts	  
(IDTechEx.,	  2014a).	  
	  
	  
Figure	  270	  -­‐	  Bombay	  Sapphire	  boxes	  
	  (IDTechEx.,	  2014a)	  
	  
DuPont’s	   LuxPrint®	   electroluminescent	   materials	   can	   be	   screen	   printed	   (DuPont,	  
2013)	   and	   are	   cost	   effective	   in	   this	   process	   on	  wide	   stock,	   placing	   screen	   printed	  
electroluminescent	   displays	   at	   TRL9	   as	  DuPont	   provide	   inks	   for	  mass	  manufacture	  
and	  Bombay	  Sapphire	  boxes	  as	  a	  prime	  example	  of	  the	  use	  of	  the	  displays.	  
	  
Amos	   et	   al.	   define	   ‘electroluminescence’	   the	   “emission	   of	   light	   from	   certain	  
materials	  when	  stimulated	  by	  an	  electric	  potential.	  One	  material	  used	  consists	  of	  a	  
phosphor	  powder	  embedded	  in	  an	  insulating	  material.	  If	  a	  layer	  of	  such	  construction	  
is	   sandwiched	   between	   transparent	   conducting	   sheets,	   light	   is	   produced	  when	   an	  
alternating	   voltage	   is	   applied	   between	   the	   conducting	   sheets.	   Electroluminescent	  
panels	   can	   be	   made	   of	   almost	   any	   size	   and	   to	   emit	   a	   wide	   variety	   of	   colours	  
depending	  on	  the	  phosphor	  used”	  (Amos,	  et	  al.	  1999,	  p.112).	  
‘Electroluminescence’	   is	  “the	  ability	  of	  certain	  phosphors	  to	  emit	   light	  continuously	  
when	   alternating-­‐current	   (ac)	   voltage	   is	   applied	   to	   them”	   identified	   by	   Gibilisco	  
(Gibilisco,	  1997,	  p.237).	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Lithographic	  –	  TRL4	  
Polymer	  Light	  Emitting	  Devices	  (application)	  –	  TRL	  4	  
As	   part	   of	   a	   EPSRC	   funded	   project,	   in	   joint	   investigation	   with	   Durham	   University,	  
investigations	  into	  polymer	  electro-­‐luminescence	  were	  undergone.	  	  In	  particular	  the	  
interest	   was	   in	   polymer	   light-­‐emitting	   diodes	   (LEDs),	   which	   offer	   benefits	   of	   flat,	  
flexible,	  operating	  at	  low	  voltage,	  colour	  displays.	  It	  works	  by	  a	  simple	  structure	  of	  a	  
polymer	   layer	   between	   two	   contacts	   (Figure	   271),	   when	   a	   voltage	   is	   applied,	   the	  
polymer	  emits	  light.	  The	  aim	  of	  the	  project	  was	  to	  create	  the	  two	  contacts	  via	  offset	  
lithographic	  printing	  (which	  is	  much	  faster),	  rather	  than	  the	  conventional	  method	  of	  
thermal	  evaporation	  or	  sputtering.	  
	  
The	  silver-­‐based	  conductive	  lithographic	  film	  (CLF)	  printed	  contacts	  were	  successful	  
when	   fabricated	  with	  a	   light-­‐emitting	  polymer	   (Figure	  272);	  contributing	  a	  big	  step	  
towards	   producing	   flexible	   light-­‐emitting	   displays,	   creating	   low	   cost	   manufacture	  
(Cleaner	   Electronics	   Research	   Group,	   2000).	   It	   reached	   TRL	   4	   with	   proof	   of	  
validation,	   however,	   no	   prototype	   or	   process	   validation	   on	   production	   equipment	  
was	  achieved	  for	  TRL	  5.	  
	  
	  
Figure	  271	  -­‐	  Schematic	  of	  CLF/LED	  
(Cleaner	  Electronics	  Research	  Group,	  2000).	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Figure	  272	  -­‐	  Voltage	  -­‐	  light	  output	  characteristics	  for	  polymer	  light-­‐emitting	  devices	  
made	  from	  GlossArt	  and	  PolyArt	  
(Cleaner	  Electronics	  Research	  Group,	  2000).	  
	  
	  
More	   recent	   efforts	   were	   focussing	   on	   solutions	   for	   embedding	   capacitors	   within	  
plastic	   substrates.	   Using	   thin	   polyester	   films,	   multilayer	   circuits	   can	   be	   built	   up	  
containing	   capacitors.	   By	   laminating	   over	   with	   a	   plastic	   film,	   interconnect	   and	  
capacitor	   structures	   can	   be	   buried	   within	   a	   flexible	   substrate	   by	   printing	   the	  
conductive	  films.	  Connecting	  various	  layers	  of	  a	  structure	  can	  be	  achieved	  by	  drilling	  
holes	  and	  creating	  printed	  vias	  (Cleaner	  Electronics	  Research	  Group,	  2000).	  	  
	  
Interdigitated	   electrode	   capacitor	   structures	   were	   also	   created	   lithographically,	  
deposited	  onto	  the	  substrate,	  producing	  two	  conductive	  ink	  film	  electrodes	  (Harrey,	  
et	  al.	  2000.	  pp.	  69-­‐77).	  Using	  this	  single	  stage	  high-­‐speed	  process,	  demonstrations	  of	  
circuits	   with	   good	   tolerances	   and	   low	   value	   capacitors	   can	   be	   manufactured.	  
Achieving	  the	  capacitors	  being	  fabricated	  in	  this	  way	  means	  they	  can	  be	  printed	  as	  
“an	   integral	  part	  of	  a	  circuit’s	   interconnect”	   (Harrey,	  et	  al.	  2000.	  pp.	  69-­‐77).	  These	  
capacitive	   devices	   offer	   good	   yield	   and	   significant	   capacitance	   density.	   Various	  
working	   prototypes	   containing	   printed	   integrated	   capacitors	   have	   been	  
demonstrated,	  such	  as	  in	  a	  printed	  digital	  thermometer	  circuit’s	  RC	  network	  and	  in	  
passive	  notch	  filters	  (Harrey,	  et	  al.	  2000.	  pp.	  69-­‐77).	  	  
	  
Published	   in	   2006,	   conductive	   tracks	   as	   electrodes	   were	   printed	   via	   offset	  
lithography	   and	   then	  phosphor	   and	  dielectric	  were	   screen	  printed	  over	   the	   top	  of	  
these	  electrodes	  (Withnall,	  et	  al.	  2006).	  This	  work	  shown	  that	  printed	  inter-­‐digitated	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electrodes	   produced	  by	   offset	   lithography	   can	   excite	   electroluminescent	   phosphor	  
powders	  when	   alternating	   voltages	   are	   applied	   across	   the	   electrodes,	   offering	   the	  
benefits	   of	   high-­‐resolution	   tracks	   (Withnall,	   et	   al.	   2006).	   Southee	   (Southee,	   2007)	  
presented	  an	  image	  of	  the	  electroluminescent	  display	  (Figure	  273)	  in	  2007,	  placing	  it	  
at	  TRL4.	  
	  
	  
Figure	  273	  -­‐	  Electroluminescent	  display	  using	  offset	  lithography	  
(Southee,	  2007).	  
	  
Appendix	  6.4.2:	  Low	  Resolution	  
In	  this	  research	  a	  low	  resolution	  display	  represents	  a	  alpha	  (9,	  14,	  or	  16	  segment)	  or	  
numerical	   (7	   segment)	   display.	  Gibilisco	   defines	   alphabetic-­‐numeric	   as	   “also	   called	  
alphabetical-­‐numerical	   and	   alphanumeric.	   In	   computer	   operations,	   pertaining	   to	  
letters	   of	   the	   alphabet	   and	   special	   characters,	   and	   to	   numerical	   digits”	   (Gibilisco,	  
1997,	  p.22).	  Amos	  et	  al.	  defines	  ‘alphanumeric	  code’	  as	  “a	  code	  using	  combinations	  
of	  letters,	  numericals	  and	  other	  symbols	  to	  represent	  data”	  (Amos,	  et	  al.	  1999,	  p.6);	  
and	   ‘alphanumeric	   display’	   as	   “the	   display	   of	   information	   by	  means	   of	   letters	   and	  
numbers”	  (Amos,	  et	  al.	  1999,	  p.6).	  
	  
Screen	  
The	  first	  patent	  related	  to	  segment	  patterned	  displays,	  such	  as	  numerical	  and	  screen	  
printing	  the	  silver	  conductive	  particles	  in	  a	  paste	  was	  filed	  in	  1984	  and	  published	  in	  
1987	  (Tukude,	  1987).	  
	  
Lithographic	  –	  TRL4	  
Display	  structures	  (application)	  –	  TRL	  4	  
Large	   digital	   reflective	   thermochromic/lithographic	   printed	   displays	   were	   created	  
(Figure	  274),	  these	  could	  be	  used	  on	  applications	  such	  as	  packaging	  or	  tags.	  For	  each	  
segment	   of	   the	   display,	   the	   current	   drawn	   was	   similar	   to	   that	   of	   a	   standard	   LED	  
(Cleaner	  Electronics	  Research	  Group,	  2000).	  TRL	  4	  was	  achieved	  as	  it	  was	  validated,	  
however	   a	   prototype	   was	   not	   created,	   or	   any	   process	   validation	   on	   production	  
equipment,	  so	  TRL	  5	  was	  not	  reached.	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Figure	  274	  -­‐	  Large	  printed	  display	  
(Cleaner	  Electronics	  Research	  Group,	  2000).	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Appendix	  6.4.3:	  High	  Resolution	  Graphic	  
In	   this	   research	  a	  high	   resolution	  graphic	  display	   represents	   a	  display	  achieves	   full	  
colour	  at	  a	  high	  resolution.	  	  
	  
Gibilisco	   defines	   resolution	   as	   “the	   degree	   to	   which	   closely	   adjacent	   parts	   of	   an	  
image	  can	  be	  differentiated”	  (Gibilisco,	  1997,	  p.586).	  Displays	  are	  usually	  made	  up	  of	  
pixels,	  Gibilisco	  defines	  a	  pixel	  as	  “Contraction	  of	  a	  picture	  element.	  The	  smallest	  bit	  
of	   data	   in	   a	   video	   image.	   Also	   called	   pel.	   The	   smaller	   the	   size	   of	   the	   pixels	   in	   an	  
image,	   the	   greater	   the	   resolution	   for	   a	   given	   image	   area”	   (Gibilisco,	   1997,	   p.525).	  	  
High	  resolution	  displays	  have	  more	  pixels	  in	  the	  given	  image	  area.	  
	  
Amos	  et	  al.	  considers	  a	   ‘pixel’	   to	  mean	  the	  same	  as	   ‘picture	  element’	   in	  which	   it	   is	  
defined	  “In	  TV	  the	  smallest	  area	  of	  a	  picture	  which	  can	  be	  reproduced.	  The	  picture	  is	  
regarded	  as	  composed	  of	  a	  large	  number	  of	  elements	  arranged	  in	  horizontal	  lines	  or	  
rows,	   the	   length	   of	   each	   element	   being	   equal	   to	   the	   vertical	   distance	   between	  
neighbouring	   lines,	   i.e.	   the	  elements	   are	   regarded	  as	   squares.	  During	   transmission	  
the	   elements	   are	   explored	   in	   turn	   by	   the	   scanning	   beam	   but	   the	   system	   cannot	  
resolve	  detail	  finer	  than	  that	  of	  an	  element.	  Thus	  the	  picture	  signal	  corresponding	  to	  
a	  row	  of	  alternate	  black	  and	  white	  elements	  is	  a	  sine	  wave,	  and	  its	  frequency	  is	  equal	  
to	   the	   upper	   frequency	   limit	   of	   the	   video	   bandwidth	   of	   the	   system”	   (Amos,	   et	   al.	  
1999,	  p.241).	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Amos	  et	  al.	  defines	   ‘resolution’	  as	  meaning	  the	  same	  as	   ‘definition’	  which	  Amos	  et	  
al.	  states	  as	  meaning	  “In	  television	  in	  general	  a	  statement	  of	  the	  degree	  of	  detail	  in	  
reproduced	  images.	  The	  ability	  of	  a	  TV	  system	  to	  reproduce	  abrupt	  changes	  in	  tonal	  
value	   occurring	   along	   the	   scanning	   lines	   is	   known	   as	   the	   horizontal	   definition,	   i.e.	  
horizontal	   definition	  measures	   the	   sharpness	   of	   reproduction	   of	   vertical	   edges	   or	  
lines	   in	   the	   image.	   Similarly	   the	   vertical	   definition	   is	   the	   ability	   of	   the	   system	   to	  
reproduce	  abrupt	  changes	  of	  tonal	  value	  occurring	  along	  a	  line	  at	  right	  angles	  to	  the	  
scanning	  lines.	  The	  vertical	  definition	  measures	  the	  sharpness	  of	  the	  reproduction	  of	  
horizontal	  edges	  or	  lines	  in	  the	  image”	  (Amos,	  et	  al.	  1999,	  p.85).	  
	  
Gibilisco	  defines	   ‘graphics’	  as	  “1.	  Diagrams,	  charts,	  photos,	   tables,	  or	   similar,	  often	  
symbolic,	   artwork	  used	   to	   convey	   information.	   2.	   The	   video	  display	   in	   a	   computer	  
system”	   (Gibilisco,	   1997,	   p.314),	   a	   high	   resolution	   display	   is	   usually	   capable	   of	  
displaying	  graphics.	  
	  
Screen	  –	  TRL9	  
DuPont’s	   Fodel®	   photoimageable	   thick	   film	   pastes	   can	   be	   screen	   printed	   (DuPont,	  
2013)	  they	  are	  low	  cost	  when	  in	  use,	  and	  have	  longer	  life	  capabilities,	  placing	  screen	  
printed	  plasma	  display	  panels	  at	  TRL9	  as	  DuPont	  provide	  inks	  for	  mass	  manufacture.	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Appendix	  6.5:	  Active	  Components	  
Amos	  et	  al.	  define	  an	  active	  component	  as	  being	  a	  component	  that	  requires	  a	  source	  
of	  power	  for	  their	  operation,	  and	  is	  capable	  of	  amplifying	  signals,	  examples	  defined	  
are	  an	  electron	  tube,	  and	  transistor.	  ‘Active	  device’	  or	  ‘active	  element’	  are	  also	  other	  
names	  used	  for	  an	  active	  component	  (Amos,	  et	  al.	  1999,	  p.3).	  
	  
Transistors,	   semiconductor	   diodes	   and	   electron	   tubes	   are	   active	   components	  
(Schultz,	  2011,	  pp.	  285).	  
	  
	  
An	   ‘active	   component’	   is	   “a	   device	   capable	   of	   some	   dynamic	   function	   (such	   as	  
amplification,	  oscillation,	  or	  signal	  control)	  that	  usually	  requires	  a	  power	  supply	  for	  
its	   operation.	   Examples	   include	   bipolar	   transistors,	   field-­‐effect	   transistors,	   and	  
integrated	  circuits”	  or	  “in	  an	  ac	  circuit,	  a	  quantity	  that	  contains	  no	  reactance	  so	  that	  
the	  current	  is	  in	  phase	  with	  the	  voltage”	  identified	  by	  Gibilisco	  (Gibilisco,	  1997,	  p.12).	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Appendix	  6.5.1:	  Semiconductor	  diode	  
A	  semiconductor	  has	  the	  conductance	  value	  between	  that	  of	  an	  insulator	  and	  that	  of	  
a	   conductor,	   examples	   of	   such	   materials	   are	   germanium	   and	   silicon	   (Floyd,	   and	  
Buchla,	  2014,	  p.1047).	  A	  diode	  is	  an	  electronic	  device,	  permitting	  current	  in	  only	  one	  
direction	  (Floyd,	  and	  Buchla,	  2014,	  p.1042).	  	  
Amos	   et	   al.	   define	   a	   ‘semiconductor	   diode’	   as	   “a	   two	   electrode	   semiconductor	  
device	   with	   unilateral	   conductivity”	   two	   types	   defined	   are	   ‘junction	   diode’	   and	  
‘point-­‐contact	  diode’”	  (Amos,	  et	  al.	  1999,	  p.288).	  A	  ‘point-­‐contact	  diode’	  is	  the	  “early	  
form	  of	  semiconductor	  diode	  which	  consisted	  of	  a	  whisker	  of	  a	  metal	  alloy	  pressed	  
against	   a	   crystal	   of	   semiconductor	   material.	   Point-­‐contact	   diodes	   have	   not	   been	  
superseded	  by	   junction	  diodes	  which	  are	  more	   robust	   and	  easier	   to	  manufacture”	  
(Amos,	  et	  al.	  1999,	  p.246).	  A	  ‘junction	  diode’	  is	  “a	  pn	  junction	  employed	  because	  of	  
its	   unilateral	   conductivity.	   Such	   diodes	   are	   extensively	   used	   for	   rectification,	  
detection	  and	  in	  digital	  circuitry”	  (Amos,	  et	  al.	  1999,	  p.177).	  
A	  ‘semiconductor	  diode’	  is	  “a	  solid-­‐state	  diode,	  as	  opposed	  to	  a	  vacuum-­‐tube	  diode	  
or	  gas-­‐tube	  diode”	   identified	  by	  Gibilisco	   (Gibilisco,	  1997,	  p.606),	  examples	   include	  
selenium	  diode,	  germanium	  diode	  and	  silicon	  diode.	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Appendix	  6.5.2:	  Transistors	  
A	   transistor	   is	   a	   semiconductor	   device,	   it	   controls	   the	   current	   between	   two	  
terminals,	   this	   is	   based	   on	   a	   third	   terminal’s	   voltage	   or	   current,	   it	   is	   used	   for	  
amplification	   and	   switching	   of	   electrical	   signals	   (Floyd,	   and	   Buchla,	   2014,	  p.1048).	  
Amos	   et	   al.	   define	   a	   ‘transistor’	   as	   “a	   semiconductor	   device	   of	   which	   the	   output	  
current	   can	  be	  controlled	  by	   the	   signal(s)	   applied	   to	  one	  or	  more	   input	   terminals”	  
(Amos,	  et	  al.	  1999,	  p.328).	  
A	  ‘transistor’	  is	  “an	  active	  (commonly	  three-­‐terminal)	  semiconductor	  device	  capable	  
of	   amplification,	   oscillation,	   and	   switching	   action.	   The	   name	   is	   a	   contraction	   of	  
transfer	  resistor”	  identified	  by	  Gibilisco	  (Gibilisco,	  1997,	  p.677).	  	  
	  
Screen	  –	  TRL4	  
Chang’s	  et	  al.	  research	  (Chang,	  et	  al.	  2014)	  produced	  fully	  additive	  printed	  electronic	  
components,	   transistors	   (Figure	   275)	   were	   produced	   via	   screen	   printing,	   then	   an	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ultra	   violet	   (UV)	   light	   source	   and	   a	   slot	   die	   coater	   on	   a	   flexible	   substrate,	   this	  
achieved	  TRL	  4	  as	  it	  was	  validated	  in	  a	  laboratory.	  
	  
	  
Figure	  275	  –	  Transistors	  screen	  printed	  
(Chang,	  et	  al.	  2014)	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Appendix	  6.6:	  Power	  
Power	   is	   the	   rate	   of	   energy	   usage,	  measured	   in	   the	   unit	   of	  watts	   (W)	   (Floyd,	   and	  
Buchla,	  2014,	  p.1045).	  
‘Power’	   is	   “the	   rate	   of	   doing	  work,	   or	   producing	   or	   transmitting	   energy.	   In	   direct-­‐
current	  circuits,	  and	  in	  alternating-­‐current	  circuit	  containing	  no	  reactance,	  power	  is	  
the	   product	   of	   the	   root-­‐mean-­‐square	   current	   and	   voltage”	   identified	   by	   Gibilisco	  
(Gibilisco,	  1997,	  p.538).	  	  
	  
	  
Battery	  	  
A	  battery	   is	  an	  energy	  source	   that	  converts	  chemical	  energy	   into	  electrical	  energy,	  
using	   a	   chemical	   reaction	   (Floyd,	   and	   Buchla,	   2014,	  p.1040).	   Amos	   et	   al.	   define	   a	  
battery	  as	  being	  “a	  series	  and/or	  parallel	  arrangement	  of	  primary	  cells	  or	  secondary	  
cells	  for	  supplying	  power.	   In	  common	  speech	  a	  single	  cell	   is	  often	  called	  a	  battery”	  
(Amos,	  et	  al.	  1999,	  p.27).	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A	  ‘battery’	  is	  “a	  device	  consisting	  of	  two	  or	  more	  interconnected	  electrochemical	  or	  
photovoltaic	  cells	  that	  generate	  dc	  electricity.	  The	  cells	  can	  be	  connected	  in	  series	  to	  
supply	  a	  desired	  voltage,	  in	  parallel	  to	  supply	  a	  desired	  current-­‐delivering	  capability,	  
or	   in	   series-­‐parallel	   to	   obtain	   a	   desired	   voltage	   and	   current-­‐delivering	   capability”	  
identified	  by	  Gibilisco	  (Gibilisco,	  1997,	  p.65).	  	  
	  
	  
With	   printed	   batteries,	   or	   thin	   film	   batteries	   –	  when	   printed,	  MnOZn	   chemistry	   is	  
applied,	   but	   also	   other	   solid	   state	   versions	   are	   also	   available,	   which	   are	   rigid	   and	  
using	  lithium	  ion.	  The	  advantages	  are	  that	  they	  are	  very	  important	  components,	  as	  
all	   devices	   need	   a	   power	   source	   (this	   needs	   to	   be	   as	   ‘green’	   as	   possible	   and	   also	  
safe).	  Costs	   in	   low	  volume	  are	  also	  only	  a	  few	  tens	  of	  cents.	  The	  disadvantages	  are	  
that	   coin	  cells	  are	  better	   than	  printed	  batteries	  when	   it	   comes	   to	   the	   lifetime	  and	  
power	   output,	  which	   could	   lead	   to	   preference	   towards	   coin	   cells	   to	   be	   used;	   and	  
compromise	   any	   form	   factor	   benefits	   that	   the	   printed	   battery	   may	   offer,	   until	  
volume	  sales	  are	  achieved.	  Examples	  of	  the	  technology	  being	  used	  are	  the	  successes	  
in	  products	   from	  Toppan	  Forms,	  recording	  gift	  cards/audio	  paper,	  and	  Biobliss	  skin	  
patches.	  Using	   the	  battery	   in	   the	  skin	  patch	  puts	  a	  voltage	  potential	  over	   the	  skin,	  
making	   the	  pores	  open	  up,	   allowing	   the	   cosmetic	   to	  go	   in	  approximately	  10	   times	  
quicker;	  currently	  used	  for	  fast	  working	  anti-­‐wrinkle	  treatments.	  More	  examples	  are	  
developers	   of	   the	   printed	   thin	   film	   batteries,	   such	   as	   covering	   primary	   cells	   are	  
‘Enfucell’	  and	  ‘Blue	  Spark’;	  and	  secondary	  cells,	  the	  developer	  ‘Imprint’.	  Covering	  the	  
Li	   ion	  printed	  batteries	  the	  main	  developers	  are	  Solicore	  and	  Cymbet.	  Many	  others	  
also	   create	   curved	   or	   flexible	   batteries	   such	   as	   STMicroelectronics	   and	   LG	   (not	  
always	   printed).	   The	   main	   driving	   applications	   are	   for	   flexible,	   thin	   batteries	   in	  
applications	  such	  as	  wearable	  electronics	  (IDTechEx.,	  2014a).	  
	  
	  
	  
Appendix	  6.6.1:	  Non	  rechargeable	  battery	  -­‐	  Primary	  Cell	  
	  
Screen	  –	  TRL9	  
In	  2009….	  Need	  to	  write	  about	  Power	  Paper	  cosmetic	  applications	  and	  Estee	  Lauder	  
face	  packs.	  But	  I	  can’t	  find	  out	  why	  they	  Estee	  Lauder	  face	  packs	  were	  discontinued	  
around	  2011.	  
	  
Enfucell’s	   soft	   battery	   (Enfucell,	   2013)	   is	  manufactured	   by	   Xymox	   technologies	   Inc	  
(Xymox,	  2014)	  using	   screen	  printing,	   they	  are	  primary	  cells,	  meaning	   that	   they	  are	  
non-­‐rechargeable	  batteries,	  making	  them	  a	  disposable	  product.	  They	  reach	  TRL9	  as	  
they	  are	  commercially	  available	  (Figure	  276).	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Figure	  276	  -­‐	  Enfucell	  soft	  battery	  
(Xymox,	  2014)	  
	  
	  
	  
Lithographic	  
In	   2010	   a	   patent	   for	   lithographically	   printing	   one	   or	   more	   layers	   of	   the	   electro	  
chemical	  cell	  was	  published	  (Southee,	  et	  al.	  2010).	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Appendix	  6.6.2:	  Rechargeable	  Battery	  –	  Secondary	  Cell	  
	  
Screen	  –	  TRL9	  
The	  first	  patent	  relating	  rechargeable	  batteries	  to	  screen	  printing	  was	  filed	   in	  1994	  
and	  published	  in	  2003	  (Kawakami,	  et	  al.	  2003).	  
	  
The	  first	  rechargeable	  battery	  patent	  to	  be	  printed	  via	  screen	  printing	  and	  to	  be	  solid	  
state	   using	   lithium	   ion	   was	   filed	   in	   2002	   and	   published	   in	   2004	   (Shibano,	   and	  
Iwamoto,	  2004).	  
	  
Founded	  in	  2010,	  Imprint	  Energy	  Inc.	  commercialised	  their	  zinc-­‐based	  rechargeable	  
battery	   technology	   (Imprint	   Energy	   Inc.,	   2014),	   their	   rechargeable	   batteries	   are	  
screen	   printed	   and	   can	   still	   function	   after	   punching	   a	   hole	   through	   the	   battery	  
(Figure	  277)	  (Radiologie,	  2012).	  This	  is	  possible	  as	  they	  say	  their	  batteries	  are	  a	  ‘solid	  
system’	   that	   withstands	   compression,	   stretching,	   puncturing	   and	   squeezing	   whilst	  
still	  being	   safe,	  high	  performance	  and	   flexible,	   therefore	  able	   to	   fit	  many	  different	  
form	  factors	  (Radiologie,	  2012).	  This	  reaches	  TRL	  9	  as	  it	  is	  commercially	  available.	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“At	  Imprint	  Energy	  we	  want	  to	  give	  product	  designers	  a	  new	  perspective,	  and	  
to	  do	   that,	  we	  need	   to	  provide	  batteries	   that	  are	  high	  performing,	  but	  also	  
that	  are	  shaped	  in	  form	  factors	  that	  have	  never	  existed	  before,	  that	  they	  only	  
dream	  of”	  (Radiologie,	  2012).	  
	  
	  
Figure	  277	  -­‐	  Imprint	  Energy	  rechargeable	  battery	  -­‐	  hole	  punch	  
(Radiologie,	  2012)	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Appendix	  6.6.3:	  Super	  Capacitor	  
‘Super-­‐’	  is	  “prefix	  denoting	  over,	  above,	  greater	  than,	  or	  higher	  than,	  with	  respect	  to	  
size,	  value	  or	  rank”	  identified	  by	  Gibilisco	  (Gibilisco,	  1997,	  p.650).	  	  
	  
The	   company	   Cellergy	   define	   a	   super	   capacitor	   as	   “EDLC	   (Electrochemical	   Double	  
Layer	   Capacitors),	   also	   known	   as	   supercapacitors	   or	   ultracapacitors,	   are	  
electrochemical	  capacitors	  that	  have	  unusually	  high	  energy	  density	  when	  compared	  
with	  common	  capacitors.	  This	  is	  typically	  in	  the	  order	  of	  thousands	  of	  times	  greater	  
than	  a	  high	   capacity	   electrolytic	   capacitor.	  	   Super-­‐capacitors	  have	   very	  high	  power	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density	   when	   compared	   to	   batteries,	   enabling	   high	   current	   pulses	   and	   practically	  
infinite	  charge/discharge	  cycles.	  When	  a	  supercapacitor	  is	  connected	  in	  parallel	  to	  a	  
battery,	   it	  enhances	   the	  performance	  of	   the	  battery	  and	  extends	   its	   life,	  exploiting	  
the	   batteries	   to	   their	   maximum	   potential”	   (Cellergy,	   2014),	   the	   difference	   in	  
performance	  of	  a	  battery	  is	  significant	  when	  a	  super	  capacitor	  is	  used	  (Figure	  278).	  
	  
	  
Figure	  278	  -­‐	  Battery	  performance	  with	  and	  without	  a	  supercapacitor	  
(Cellergy,	  2014)	  
	  
	  
Screen	  TRL9	  
	  
The	   company	  Cellergy	   (Cellergy,	   2014)	   screen	  prints	  pulse	   super	   capacitors	   (Figure	  
279),	   for	   low	   voltage,	   high	   current,	   high	   capacitance	   requirements	   in	   electronic	  
products.	   These	   are	   commercially	   available	   achieving	   TRL9.	   Their	   voltage	   ranges	  
from	  1.4V	  to12V	  and	  can	  be	  extended	  if	  requested	  up	  to	  18V.	  
	  
	  
Figure	  279	  -­‐	  Screen	  printed	  super	  capacitors	  
(Cellergy,	  2014)	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Gravure	  TRL4	  
Filed	  in	  2003	  and	  published	  in	  2006,	  the	  first	  patent	  was	  published	  relating	  gravure	  
printing	   and	   the	   manufacture	   of	   capacitors	   with	   the	   intended	   use	   in	   a	   super	  
capacitor	  (Seitz,	  et	  al.	  2006).	  
	  
Flexible	   solid	   state	   super	   capacitors	   produced	  by	   roll-­‐to-­‐roll	   (R2R)	   gravure	   printing	  
have	   recently	   been	   printed,	   followed	   by	   drying	   the	   ink	   at	   80°C,	   and	   a	   fast,	   low	  
temperature	   laser	   annealing	   process	   (Lee,	   et	   al.	   2015.	   pp.	   8339-­‐8345).	   The	  
production	  process	  was	  aimed	  at,	   and	  appropriate	   for,	  mass	  production	  on	  plastic	  
substrates,	  targeting	  flexible	  large	  area	  energy	  devices.	  The	  super	  capacitors	  can	  be	  
bend	  up	   to	  135	  and	   retained	   its	   performance	  under	  physical	   disturbance,	   bending	  
over	  1000	  operating	  cycles	  without	  any	  severe	  decrease	  of	  capacity	  (Lee,	  et	  al.	  2015.	  
pp.	   8344).	   The	   combination	   of	   the	   gravure	   R2R	   process	   and	   laser	   sintering	   could	  
improve	  productivity	  of	  flexible	  electronics	  in	  terms	  of	  processing	  time	  and	  space,	  as	  
it	  could	  potentially	  replace	  the	  conventional	  thermal	  method.	  The	  annealing	  process	  
is	   necessary	   in	   the	   fabrication	   of	   the	   device	   as	   it	   is	   essential	   in	   ensuring	   a	   stable	  
energy	  device	  as	  it	  improves	  electrical	  conductivity	  and	  creates	  superior	  adhesion	  to	  
the	  PET	  polymer	  substrate	  (Lee,	  et	  al.	  2015.	  pp.	  8341),	  it	  results	  in	  a	  smoother	  profile	  
with	   a	   higher	   density	   when	   these	   silver	   nano	   particles	   are	   melted	   and	   solidified	  
(Figure	   280).	   The	   laser	   annealing	   process	  melts	   the	   silver	   (Ag)	   nano	   particles	   (NP)	  
more	   uniformly	   and	   heats	   in	   a	  much	   shorter	   time	   in	   comparison	   to	   conventional	  
thermal	  annealing	   (Lee,	  et	  al.	  2015.	  pp.	  8341).	  Once	   the	   laser	  annealing	  process	   is	  
complete,	  carbon	  slurry	  (which	  contains	  activated	  carbon	  and	  a	  conducting	  agent)	  is	  
subsequently	   coated	   on	   top	   using	   the	   doctor	   blading	  method,	   then	   coated	  with	   a	  
polymer	  layer	  that	  behaves	  as	  both	  an	  electrolyte	  and	  separator	  before	  assembling	  
the	  device	  (Figure	  281).	  This	  reaches	  TRL4	  as	  it	   is	  a	  proof	  of	  concept	  validation	  and	  
process	  validation	  in	  a	  laboratory.	  
	  
	  
Figure	  280	  -­‐	  SEM	  image	  of	  laser	  annealed	  silver	  nano	  particle	  film	  
(Lee,	  et	  al.	  2015.	  pp.	  8341)	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Figure	  281	  -­‐	  Manufacture	  and	  assembly	  of	  gravure	  super	  capacitor	  
(Lee,	  et	  al.	  2015.	  pp.	  8340)	  
	  
	  
	  
Flexographic	  
	  
Lithographic	  
	  
Inkjet	  
	  
	  
	  
Appendix	   7:	   Table	   of	   PrintoCent’s	   TRL	  
graded	  printed	  components	  
	  
Book	  
Section	  
Printed	  
Component
s	  
TRL	  
assi
gne
d	  
Printing	  
Processe
s	  
Other	  
Processes	   Applications	  
6.1	  
Conduct
ors	  
	   	   	   	   	  
	  	  	  	  	  6.1.1	   Screen	  
Printed	  
Conductors	  
7-­‐9	   Screen	   To	   increase	  
Conductivity:	  
Heating	   or	  
Calendaring	  
Power	   and	   signal	  
management,	   antennas	  
(RFID),	   electrodes,	   user	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(heat	   and	  
pressure)	  
interfaces,	  keyboards	  
	  	  	  	  	  6.1.2	   Flexible	  
Metal	  
Conductors	  
9	   Screen,	  
Flexogra
phic,	  
Gravure,	  
Ink-­‐jet,	  
Photolith
ography	  
Circuit	   is	  
etched	   and	  
resist	   stripped	  
off.	   Adding	  
printed	  
polymer	   layers	  
over	  
conductive	  
tracks.	   Printed	  
adhesives	   on	  
R2R.	   Crimping	  
–	   low	   cost	  
connection	  
method	   for	  
metal	   and	  
polymer	  tracks	  
Multilayer	   structures,	  
RFID,	  
	  	  	  	  	  6.1.3	   Transparen
t	  
Conductors	  
6-­‐8	   Roll-­‐to-­‐
Roll	  
(R2R)	  
techniqu
es	  (direct	  
dry	  
printing	  
of	  
carbon	  
nanobud
s),	  
printable	  
silver	  
nanowir
es,	  
Nanoprin
ting	  
techniqu
es.	   Sheet	  
to	   sheet	  
(S2S).	  
Flexogra
phic,	  
Inkjet	  
PEDOT:PSS,	  
Chemical	  
vapour	  
deposition,	  
Rolling	   mask	  
lithography,	  
R2R	  
evaporation-­‐
based	  
processes,	   lift-­‐
off,	   Etching	  
ink:	  
Flexography,	  
Screen	  
printing.	   Slot	  
die	  coating.	  
	  
New	  
techniques	  
being	  
developed	   to	  
produce	  
thinner	   lines:	  
Direct	  
writing/filame
ntary	   printing,	  
micro	   contact	  
printing	  
Printed	   solar	   cells,	  
OLEDs,	  Touch	  screens,	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followed	   by	  
etching,	  
femtoliter	  
gravure	  
printing,	  
continuous	  
phase-­‐shift	  
lithography.	  
6.2	   Printed	  
Passive	  
Component
s	  
7-­‐8	   Screen,	  	   UV	   curing,	  
Vaporized	   or	  
electroformed	  
metal	  layers,	  	  
Resistor,	   capacitor,	  
inductor,	  
6.3	   Printed	  
Transistor	  
3-­‐4	   R2R	  
Printed	  
Annealing,	  
evaporation,	  
spin	   coating,	  
lithography	  
masks,	  	  
Logic	   circuits,	   displays	  
and	   signage,	   sensor	  
readout	   electronics,	  
encoding	   /	   decoding	   /	  
multiplexing	   of	   large	  
sensor	   arrays.	   TFTs,	  
light	   emitting	  
transistors.	   Gate	  
Electrodes,	  
semiconductor,	  	  
6.4	  
Memori
es	  
	   	   	   	   	  
	  	  	  	  	  6.4.1	   Printed	  
Memristor	  
3	   Inkjet	   	   Memory	  element	  
	  	  	  	  	  6.4.2	   Printed	  
WORM	  
Memory	  
4-­‐6	   Inkjet,	  
Gravure,	  
Flexogra
phic	  
Rapid	  
Electrical	  
Sintering	  	  
(RES),	   heating	  
to	   cure	   140°C,	  
Encapsulation	  
Electronic	   systems	  
(ability	   to	   store	   data),	  
sensor	   data	   logging,	  
storing	   user	   input	   data,	  
measuring	  and	  logging	  a	  
temperature	   of	   a	   cold	  
chain	   (or	   moisture	  
inside	   building	   walls	   or	  
with	   gas	   sensors	   with	  
added	   functionality	   in	  
immediate	   alarming	   of	  
the	  sensor	  event).	  
User	   interaction	   in	  
smart	   packages	   and	  
questionnaire	   forms	  
(collecting	   customer	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feedback),	   Information	  
services	   such	   as	   access	  
codes	   for	   content	   and	  
services	   in	   web,	  
Marketing	   tools	   to	  
measure	   and	   collect	  
information	   on	   the	  
efficiency	   of	   marketing	  
efforts,	   Gaming	  
applications	   with	  
electronic	   memory,	  
Brand/product/docume
nt	   security,	   Point	   of	  
care	   diagnostic	   sensor	  
applications.	  
6.5	  
Displays	  
and	  
Signing	  
	   	   	   	   	  
	  	  	  	  	  6.5.1	   Printed	  
Organic	  
Light	  
Emitting	  
Diodes	  
6	   Gravure	   PEDOT	   layers,	  
Spin	  coated,	  	  
Multicolour	   display,	  
signage	   application,	  
interactive	   packaging	  
and	   point-­‐of-­‐sale	  
products,	   consumer	  
electronics	   and	   interior	  
design	   products,	   smart	  
cards	   and	   smart	   labels.	  
SMOLED	   –	   used	   in	  
smart	  phone	  displays	  
	  	  	  	  	  6.5.2	   Electrochro
mic	   System	  
Platform	  
8-­‐9	   -­‐	   Conventional	  
(non-­‐
cleanroom)	  
Printing	   and	  
converting	  
environments	  
Interactive	   printed	  
graphics	   products,	  
merchandising	   displays,	  
low-­‐end	  LCD	  segmented	  
displays,	  CPG	  goods	  and	  
packaging,	  	  
	  	  	  	  	  6.5.3	   Vertical	  
Organic	  
Light	  
Emitting	  
Transistor	  
3-­‐4	   Roll	   to	  
roll	  
printing	  
techniqu
es	  
Solution	  
processing	  
Lighting	   and	   display	  
applications,	   novel	  
sensing	  platform	  
6.6	   Organic	  
Photovoltai
c	  
5	   Screen,	  
Gravure,	  
Flexogra
R2R	   etching,	  
R2R	   slot-­‐die	  
coating,	   R2R	  
Energy	   harvesting	   from	  
consumer	   electronic	  
applications,	   effective	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phic	   thermal	  
evaporation,	  
Encapsulation,	  
energy	   harvesting	   from	  
indoor	   illumination,	  
battery	  charging,	  
6.7	   Printed	  
Battery	  
9	   Screen	   Conductive	  
epoxy	   (cure	  
using	  
moderate	  
temperature	  
and	   pressure	  
for	   a	   short	  
time	   –	   for	  
connectivity)	  
RFID	  tags,	  microsensors,	  
pharmaceutical	   and	  
cosmetic	   patches,	  
functional	  packaging,	  
6.8	   Printed	  
Supercapaci
tor	  
4-­‐5	   Screen	   Assembled	  
manually,	  
work	   to	  
facilitate	   R2R	  
assembling	   is	  
in	  progress.	  
Packages,	   RFID	   systems	  
(possibility	   to	   remote	  
charging),	   Electronics	  
(integrated	   into	   the	  
casing),	  Vehicles,	  hybrid	  
(solution	   together	   with	  
internal	   combustion	  
engine,	   battery	   or	   fuel	  
cell),	   Energy	   storage	   in	  
buildings,	   Energy	  
harvesting	   applications	  
(autonomous	   sensor	  
networks),	  	  
6.9	  
Printed	  
Sensors	  
	   	   	   	   	  
	  	  	  	  	  6.9.1	   Printed	  
Temperatur
e	  Sensors	  
4	   Silk	  
Screen	  
(sheet	  
process)	  
Encapsulation	   Inductive	   remote	  
reading	  when	  combined	  
with	   an	   antenna	   coil	   in	  
parallel	   –	   can	   be	   a	  
sensor	   element	   behind	  
obstacles	  or	  screen,	  and	  
temperature	   detected	  
by	  inductive	  technique.	  
	  	  	  	  	  6.9.2	   Relative	  
Humidity	  
Sensors	  
6-­‐7	   Silk	  
Screen	  
(sheet	  
process)	  
	   Long	   term	   monitoring	  
applications,	   can	   be	  
used	  with	  RFID	  to	  widen	  
inductive	   remote	  
reading.	  
	  	  	  	  	  6.9.3	   Capacitive	  
Touch	   and	  
6	   -­‐	  
Printing	  
Injection	  
moulding	  
Sensing	   the	   touch	   of	   a	  
human	   finger	   (or	   two	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Proximity	  
Sensors	  
technolo
gies	  
processes,	   fingers)	   in	   capacitive	  
touch	  screens	  of	  mobile	  
phones,	   tablet	  
computers	   and	   other	  
user	   interfaces.	  Replace	  
push-­‐buttons	   in	  
electronic	   devices.	  
Novel	   applications:	  
posters,	   wallpapers,	  
textiles.	   Plastic	   in-­‐
moulded	  user	  interfaces	  
(in-­‐mould	   labelling	  
(IML)	  process):	  freeform	  
plastic	   objects,	  
automotive	  applications	  
are	   entering	   this	  
market.	  
	  	  	  	  	  6.9.4	   Resistive	  
Touch	  
Screen	  
7	   Screen	   Paste	   etching	  
process,	   Cured	  
through	  hot	  air	  
drying,	   foil	  
cutting,	   foil	  
lamination	  
using	   a	  
suitable	  
adhesive,	  	  
Touch	   screens	   in	  
consumer	   electronics,	  
commercial	   products	  
and	   industrial	  
equipment.	  
Gaming	   and	  
entertainment	  
applications,	   Interactive	  
graphical	   products	   such	  
as	   posters	   with	   user	  
interfaces,	   Indoor	   or	  
structural	  monitoring	   in	  
buildings.	   Future	  
possibility	   of	  
Environmental	   and	  
diagnostics	  applications.	  
	  	  	  	  	  6.9.5	   Gas	  Sensors	   2	   Inkjet,	  
Gravure,	  
Future	  
possibility	   of	  
printing	   using	  
Flexography,	  
Screen,	   R2R	  
metal	   layer	  
patterning	   and	  
photolithograp
hy.	  
Detect	   gas	   leaks,	  
monitoring	   personal	  
health,	  
6.10	  
Chemica
l	   and	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Biosens
ors	  
	  	  	  	  	  
6.10.1	  
Electroche
mical	  
Biosensor	  
5-­‐6	   Screen,	  
Gravure,	  
Flexogra
phic,	  
Inkjet	  
Dispensing,	  	   Disposable	   blood	  
glucose	   sensors.	  
Disposable	   biosensors	  
in	   a	   range	   of	   areas:	  
Medical,	  
Environmental,	   Food	  
and	   agriculture,	  
Defence	  and	  security.	  
	  	  	  	  	  
6.10.2	  
Visual	  
Indicators	  
3-­‐6	   Inkjet,	  
Flexogra
phic,	  
Screen	  
	   Health	   and	   well-­‐being,	  
Monitoring	   of	   food	  
quality,	   Water	   quality	  
control,	   Packaging	  
applications.	  
Indicators	   for:	   oxygen,	  
humidity,	   temperature,	  
sulphuric	   compounds	  
and	  aldehydes.	  
6.11	   Microfluidic
s	  
?	  
(Bla
nk)	  
-­‐	   R2R	   hot-­‐
embossing,	  
hybrid	  
integration	   of	  
silicon	   or	  
injection	  
moulded	  
pieces,	   die-­‐
cutting	  
methods,	   Flat-­‐
bed	   hot-­‐
embossing,	  
Injection	  
moulding,	  
Adhesive	  
based	  
concepts	  R2R.	  
Point-­‐of-­‐care	   or	   point-­‐
of-­‐use	  
diagnostics/analytics,	  
Personalised	   medicine,	  
Preventive	   medicine,	  
Environmental	   testing,	  
Food	   diagnostics,	  
Industrial	   process	  
monitoring,	  
Bioterrorism	   detection,	  
Drug	  discovery.	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Appendix	   8:	   Interviews	   with	   Education	  
Experts	  	  
	  
	  
Appendix	  8.1:	  Adult	  Participant	   Information	  Sheet	  
–	  Education	  Experts	  
	  
	  
	  
	  
Project	  Title	  
Adult	  Participant	  Information	  Sheet	  
	  
Name	  of	  Investigator:	  Nicola	  York	  
Address:	  Loughborough	  Design	  School,	  Loughborough	  University,	  Leicestershire	  LE11	  
3TU,	  UK.	  	  
Contact	  email:	  N.York@lboro.ac.uk	  	  
(Supervisors:	  Dr	  Darren	  Southee	  and	  Dr	  Mark	  Evans)	  
Dr	  Darren	  Southee	  contact	  email:	  d.j.southee@lboro.ac.uk	  
Dr	  Mark	  Evans	  contact	  email:	  M.A.Evans@lboro.ac.uk	  	  
	  
	  
What	  is	  the	  purpose	  of	  the	  study?	  
To	  solicit	  the	  perceptions,	  opinions	  and	  wisdom	  of	  education	  experts,	  specifically	  to	  
gain	   expert’s	   opinions	   and	   feedback	   on	   approaches	   for	   the	   communication	   of	  
printed	  electronics	  knowledge	  to	  designers.	  	  
	  
	  
Who	  is	  doing	  this	  research	  and	  why?	  
This	   study	   is	   part	   of	   a	   student	   research	   project	   supported	   by	   Loughborough	  
University.	   Nicola	   York	   is	   currently	   doing	   her	   doctoral	   research	   on	   “The	   Impact	   of	  
Printed	  Electronics	  on	  Product	  Design”.	  Her	  supervisors	  are	  Dr	  Darren	  Southee	  and	  
Dr	  Mark	  Evans.	  The	  growing	  need	  for	  the	  knowledge	  transfer	  of	  printed	  electronics	  
technology	   to	   the	  designers	  of	  products	  has	  prompted	   this	   research.	  This	   research	  
will	  explore	  the	  contribution	  of	  printed	  electronics	  to	  product	  design	  and	  formulate	  
strategies	  to	  increase	  the	  impact.	  
	  
	  
Are	  there	  any	  exclusion	  criteria?	  
No	  
	  
	  
What	  will	  I	  be	  asked	  to	  do?	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The	   purpose	   of	   the	   semi-­‐structured	   interview	   is	   to	   explore	   the	   perceptions	   and	  
opinions	   of	   experts	   who	   have	   created	   a	   teaching	   and	   learning	   environment	   for	  
product/industrial	   design	   students,	   regarding	   accurate	   knowledge	   transfer	   and	  
communication	   of	   printed	   electronics	   technology	   for	   the	   education	   of	   designers.	  
Specifically	  this	  interview	  will:	  
	  
• Identify	  approaches	  toward	  the	  communication	  of	  printed	  electronics	  
technology	  to	  designers	  	  
• Identify	  any	  barriers	  that	  might	  be	  encountered	  in	  the	  communication	  of	  
printed	  electronics	  technology	  to	  designers	  
• Assess	  expert	  opinion	  about	  different	  approaches	  and	  how	  impact	  can	  be	  
increased	  when	  presenting	  designers	  with	  printed	  electronics	  technology	  
within	  an	  educational	  environment	  
	  
	  
Once	  I	  take	  part,	  can	  I	  change	  my	  mind?	  
Yes.	   	  After	  you	  have	  read	  this	   information	  and	  asked	  any	  questions	  you	  may	  have,	  
we	   will	   ask	   you	   to	   complete	   an	   Informed	   Consent	   Form,	   however	   if	   at	   any	   time,	  
before,	  during	  or	  after	  the	  sessions	  you	  wish	  to	  withdraw	  from	  the	  study	  please	  just	  
contact	  the	  main	  investigator.	  	  You	  can	  withdraw	  at	  any	  time,	  for	  any	  reason	  and	  you	  
will	  not	  be	  asked	  to	  explain	  your	  reasons	  for	  withdrawing.	  
However,	  once	  the	  thesis	  has	  been	  submitted	  (expected	  by	  October	  2016),	  it	  will	  not	  
be	  possible	  to	  withdraw	  your	  individual	  data	  from	  the	  research.	  
	  
	  
Will	  I	  be	  required	  to	  attend	  any	  sessions	  and	  where	  will	  these	  be?	  
Just	  the	  semi-­‐structured	  interview	  
	  
	  
How	  long	  will	  it	  take?	  
The	  semi-­‐structured	  interview	  will	  take	  one	  hour.	  
	  
	  
What	  personal	  information	  will	  be	  required	  from	  me?	  
None.	  
	  
	  
Are	  there	  any	  risks	  in	  participating?	  
No.	  
	  
	  
Will	  my	  taking	  part	  in	  this	  study	  be	  kept	  confidential?	  
All	   information	   on	   participants	  will	   be	   treated	   as	   confidential	   and	   not	   identifiable	  
unless	  agreed	  otherwise	  in	  advance,	  and	  subject	  to	  requirements	  of	  law.	  Storage	  of	  
data	   will	   comply	   with	   the	   Data	   Protection	   Act	   1998.	   Any	   audio	   recordings	   of	  
participants	   will	   be	   kept	   in	   a	   secure	   place	   and	   not	   released	   to	   any	   third	   parties.	  
Audio	   recordings	   will	   be	   destroyed	   within	   ten	   years	   of	   the	   completion	   of	   the	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investigation.	   The	   research	   will	   not	   involve	   the	   sharing	   of	   data	   or	   confidential	  
information	   beyond	   the	   initial	   consent	   given.	   The	   research	   will	   not	   involve	  
administrative	   or	   secure	   data	   that	   requires	   permission	   from	   the	   appropriate	  
authorities	  before	  use.	  	  
	  
	  
I	  have	  some	  more	  questions;	  who	  should	  I	  contact?	  
Nicola	  York	  
	  
	  
What	  will	  happen	  to	  the	  results	  of	  the	  study?	  
The	  results	  will	  become	  primary	  data	  for	  the	  doctorial	  research.	  
	  
	  
What	  if	  I	  am	  not	  happy	  with	  how	  the	  research	  was	  conducted?	  
If	  you	  are	  not	  happy	  with	  how	  the	  research	  was	  conducted,	  please	  contact	  Ms	  Jackie	  
Green,	  the	  Secretary	  for	  the	  University’s	  Ethics	  Approvals	  (Human	  Participants)	  Sub-­‐
Committee:	  
	  
Ms	   J	   Green,	   Research	   Office,	   Hazlerigg	   Building,	   Loughborough	   University,	   Epinal	  
Way,	  Loughborough,	  LE11	  3TU.	  	  Tel:	  01509	  222423.	  	  Email:	  J.A.Green@lboro.ac.uk	  
	  
The	  University	  also	  has	  a	  policy	  relating	  to	  Research	  Misconduct	  and	  Whistle	  Blowing	  
which	   is	   available	   online	   at	   http://www.lboro.ac.uk/committees/ethics-­‐approvals-­‐
human-­‐participants/additionalinformation/codesofpractice/	  .	  	  	  
	  
	  
Is	  there	  anything	  I	  need	  to	  do	  before	  the	  session?	  
No	  
	  
	  
Is	  there	  anything	  I	  need	  to	  bring	  with	  me?	  
No	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	   532	  
Appendix	   8.2:	   Interview	   with	   ‘EECS2’	   on	   9th	  
November	  2015	  
	  
Interviewer:	  
Thank	  you	  for	  taking	  part	  in	  this	  interview.	  
The	  purpose	  of	  this	  interview	  is	  to	  collect	  and	  discuss	  the	  perceptions	  and	  opinions	  
of	   experts	   who	   have	   created	   a	   teaching	   and	   learning	   environment	   for	  
product/industrial	   design	   students,	   regarding	   accurate	   knowledge	   transfer	   and	  
communication	   of	   printed	   electronics	   technology	   for	   the	   education	   of	   student	  
designers.	  
Q1.	  How	  did	   the	  Education/Printed	  Electronics	   collaboration	   come	   together?	  Did	  
the	  printed	  electronic	   researchers/companies	  contact	  YOU	   (the	  educators)	   in	   the	  
first	  instance?	  
	  
EECS2:	  	  
I	  was	  generally	  aware	  of	  printed	  electronic	  concepts	  through	  [name],	  and	  colleagues	  
who	  have	  been	   involved	  with	  that	  research	  at	  Brunel,	  but	  actually	   in	  this	  case,	   the	  
project	  that	  we	  did	  with	  Crown	  packaging	  arrived	  completely	  independently	  of	  their	  
work.	   And	   in	   that	   case,	   also	   the	   project	  wasn’t	  with	   our	   final	   year	   undergraduate	  
students,	   it	   was	   with	   our	   MSc	   integrated	   product	   design	   students.	   And	   Crown	  
packaging	  is	  one	  of	  the	  world’s	  leading,	  I	  think	  one	  of	  the	  top	  three,	  companies	  for	  
metal	  based	  packaging.	  So	  a	  third	  of	  tin	  cans,	  a	  third	  of	  soft	  drinks	  cans	  and	  things	  
like	  that,	  will	  be	  produced	  by	  Crown.	  So	  at	  that	  scale,	  they	  have	  lots	  of	  involvement	  
with	   universities,	   Brunel	   included,	   and	   I	   think	   all	   the	   time	   looking	   for	   sort	   of	  
collaborations	  within	  the	  general	  context	  of	  innovation.	  And	  then	  they	  had	  a	  specific	  
project	  which	   they	  had	   started	  with	   a	  organisation	   called	  C..P..	   Centre	   for	   Process	  
Innovation…	  
I	   don’t	   know	  whether	   you’ve	   come	   across	   that…Okay,	   so	   CPI	   are	   the	   government	  
funded	  catalyst	  for	  printed	  electronics,	  and	  they	  had,	  I’m	  not	  quite	  sure	  of	  the	  whole	  
history	  of	  that,	  but	  they	  had	  got	  together	  with	  Crown,	  looking	  at	  future	  applications	  
for	  printed	  electronics.	  And	  then	  the	  project	  that	  was	  briefed	  to	  our	  students	  was	  a	  
project	  to	  generate	  concepts	  for	  the	  application	  of	  printed	  electronics	  in	  packaging,	  
particularly,	  bearing	   in	  mind,	  Crown’s	   interest	   in	  metal	  packaging.	  Although,	  metal	  
packaging	  also	   includes	  metal	   lids	   for	   jam	   jars	  and	  other	   things,	   so	   it’s	  not	   just	   tin	  
cans,	  and	  drink	  cans.	  So	  that’s	  the	  background.	  
	  
Interviewer:	  
Fantastic,	  so	  did	  they	  contact	  the	  university,	  or…?	  
	  
EECS2:	  
Well,	   I	   suppose	   it’s	   not	   unlike	   quite	   a	   lot	   of	   organisations,	   usually	   in	   terms	  of	   our	  
collaborations	  with	   industry,	   the	  companies	  don’t,	   sometimes	   they	  do	  but	   it’s	   rare	  
that	   companies	   approach	   us	   completely	   out	   of	   the	   blue.	   With	   Crown	   packaging	  
there’s	   an	   established	   relationship,	   so	   I	   think	   particularly	   on	   the	   mechanical	  
engineering	   and	   process	   engineering	   side	   of	   our	   college,	   Crown	   have	   taken	   on	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graduates,	  and	  in	  fact	  I	  think	  more	  recently	  they	  had	  taken	  on	  a	  design	  graduate,	  and	  
possibly	  a	  design	  placement	  student.	  So	  there	  are	  a	  number	  of	  links	  that	  pre-­‐existed.	  
	  
Interviewer:	  
Q2.	   How	   did	   the	   Printed	   Electronics	   project	   fit	   in	   to	   the	   student	   programme	   of	  
study	   -­‐	   (Was	   it	   part	   of	   a	   module?)	   (if	   yes,	   What	   had	   the	   project	   been	   for	   the	  
module	  in	  previous	  years?)	  
	  
EECS2:	  
With	   this	   particular	   example,	   with	   Crown	   packaging,	   it	   did	   fit	   into	   the	   academic	  
programme,	  but	  only	  in	  so	  much	  as…on	  the	  masters	  course	  we	  have	  a	  module	  which	  
is	  called	   ‘Professional	  Design	  Studio’	  and	  some	  of	   the	  general	  aims	  of	   that	  module	  
are	   to,	   as	   close	   as	   possible,	   sort	   of	   reproduce	   a	   commercial	   industrial	   reality	   of	  
working	  as	  a	  designer,	  and	  therefore	  you	  would	  encounter	  a	  range	  of	  possible	  briefs,	  
some	  short	  term,	  some	  longer	  term,	  and	  you	  then	  put	  into	  practice	  within	  that	  mode	  
of	  working	  a	  whole	  range	  of	  different	  design	  tools,	  techniques,	  strategies,	  etc.	  So	  it	  
broadly	   fitted	   in	   there,	   in	   terms	   of,	   you	   know,	   here’s	   a	   project	   which	   is	   about	  
creative	   thinking	  and	  background	   research	  around	  adopting	  a	  new	   technology,	   for	  
applications	  that	  both	  have	  a	  commercial	  potential,	  but	  also	  obviously	  a	  user	  benefit	  
potential	  as	  well.	  
	  
Interviewer:	  
What	  had	  the	  project	  been	  for	  the	  module	  in	  previous	  years?	  (part	  of	  question	  2)	  
	  
EECS2:	  
We’ve	   done	   a	   number,	   in	   that	   same	   slot,	   that	   is	   working	   with	   companies	   in	   this	  
module	   called	   ‘professional	   design	   studio’,	   so	   that	  module	   is	   quite	   flexible.	   So	  we	  
have	   different	   sorts	   of	   companies,	   different	   sorts	   of	   briefs,	   just	   as	   you	   would,	  
particularly	  if	  you	  were	  working	  in	  a	  design	  consultancy	  practice.	  So	  I	  can’t	  think	  of	  
any	   that	  would	  be	  direct	   parallels	  with	   that	   Crown	  packaging	  brief,	   but	   one	   that	   I	  
suppose	  has	  got	   some	  similarities	  was	  a	  project	  with	  a	   two	  hundred	  year	  old	  wire	  
forming	  company	  called	  ‘Ormiston	  Wire’	  and	  the	  brief	  there	  again	  was	  to	  creatively	  
explore	  the	  applications	  for	  the	  expertise	  in	  the	  technology	  that	  that	  company	  had.	  
But	  then,	  different	  again	  would	  be	  a	  project	  with	  the	   ‘Kentucky	  Fried	  Chicken’	  and	  
‘Design	  Bridge’	  which	  again	  was	  looking	  at,	  a	  small	  similarity,	  is	  that	  it	  was	  looking	  at	  
packaging,	   but	   in	   this	   case,	   it	  was	  much	  more	   based	   round	   the	   brand	   experience,	  
rather	  than	  looking	  to	  sort	  of	  innovate	  in	  the	  materials	  or	  the	  processes.	  
	  
Interviewer:	  
Q3.	  What	  were	  the	  design	  students’	  background	  experiences	  prior	  to	  the	  printed	  
electronics	  project?	  	  
	  
EECS2:	  
A	   range,	   that’s	   the	  nature	  of	  our	   integrated	  product	  design	  course,	   in	   fact,	   funnily	  
enough,	  our	  current	  group	  of	  students	  has	  a	  Loughborough	  student	  amongst	  them.	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But	  one	  of	  the	  things	  that’s	  quite	  interesting	  is	  that	  the	  first	  degree	  backgrounds	  of	  
these	  students	  is	  reasonably	  varied,	  probably	  a	  bit	  over	  a	  half	  are	  from	  a	  product	  or	  
industrial	  design	  background,	  but	  within	  those,	  some	  will	  have	  a	  much	  more	  of	  a,	   I	  
call	   a	   ‘art	   and	   design’	   background.	   I	  would	   think	   that	   your	   course	   that	   you	   did	   at	  
Nottingham	   [Northampton	   not	   Nottingham]	   was	   a	   little	   bit	  more	   on	   the	   arts	   and	  
design	   end	   of	   things	   than	   what	   we	   do	   at	   Loughborough	   or	   Brunel.	   But	   there	   are	  
others	  that	  are	  even	  further	  towards	  a	  sort	  of	  art	  and	  design	  focus.	  And	  then	  we	  also	  
have	  mechanical	  engineers,	  architects,	  other	   forms	  of	  engineers,	  and	  some	  people	  
with	  a	  more	  general	  business	  background,	  but	  they’re	  all	  people	  that	  are	  doing	  the	  
course	   because	   they	   have	   got	   a	   strong	   interest	   and	   some	   skills	   that	   they	   can	  
demonstrate	  in	  product	  and	  industrial	  design.	  But	  a	  range,	  and	  for	  the	  course	  that’s	  
important,	   and	   I	   think	   that	   it’s	   probably	   quite	   important	   for	   your	   topic	   as	  well	   in	  
terms	   of	   in	   a	   educational	   context,	   how	   do	   you	   approach	   the	   topic	   of	   printed	  
electronics…?	  But	  I	  guess	  we	  might	  get	  to	  that.	  	  
	  
Interviewer:	  
Q4.	  What	  were	  the	  intended	  learning	  outcomes	  of	  the	  printed	  electronics	  project?	  
	  
EECS2:	  
Well,	  as	  I	  said,	  I	  think	  some	  of	  the	  big	  aims	  for	  the	  professional	  design	  studio	  module	  
are	  to	  do	  with	  the	  student’s	  ability	  to	  select	  and	  use	  a	  range	  of	  tools	  and	  methods	  
appropriate	  to	   the	  projects	   they’re	  working	  on.	  And	  then	   in	  a	  more	  detailed	  sense	  
within	  that,	   I	   think	  some	  of	   the	  things	  which	  are	   important	  are	  particularly	  around	  
the	  effectiveness	  of	  communication	  of	  process	  and	  ideas	  that	  they’re	  adopting,	  and	  
also	  the	  ability	  to	  produce	  validated	  research	  around	  a	  topic.	  These	  are	  some	  of	  the,	  
sort	  of,	  overall	  learning	  outcomes	  that	  would	  apply,	  as	  you	  could	  see,	  to	  any	  project.	  
So	  obviously	  we	  won’t	  have	   learning	  outcomes	  which	   relate	   specifically	   to	  printed	  
electronics,	  or	  for	  that	  matter,	  any	  other	  technology.	  I	  mean,	  our	  expectation	  would	  
be,	  if	  a	  project	  involves	  the	  need	  for	  a	  student	  to	  understand	  a	  particular	  technology,	  
that	  the	  student	  would	  be	  able	  to	  relatively	  independently	  research	  that	  technology	  
perhaps	  through	  literature	  review,	  perhaps	  through	  some	  primary	  research	  and	  then	  
also	  to	  be	  able	  to	  analyse	  and	  present	  findings	  from	  that	  work.	  So	  those	  are	  some	  of	  
the,	  to	  give	  you	  a	  flavour	  of	  overall	  learning	  outcomes.	  
	  
Interviewer:	  
Q5.	  How	  did	  the	  design	  students	  engage	  with	  the	  project?	  (Were	  students	  given	  a	  
brief	  by	  you/the	  researchers/both?)	  
	  
EECS2:	  
So,	  again,	   I	  think	  behind	  that	  question	  maybe	  is	  the	  idea	  that	  with	  ‘engage’,	  you’re	  
looking	   for	   something	   that’s	   a	   bit	   more	   than	   ‘how	   did	   the	   students	   get	   the	  
information	   about	   the	   project’.	   So	   I	   think	   from	   my	   perspective	   in	   terms	   of	  
‘facilitating’	  this	  teaching	  and	  learning,	  I	  think	  that	  idea	  of	  engaging,	  or	  you	  could	  go	  
a	  	  bit	  further	  and	  say,	  sort	  of,	  how	  could	  you	  ‘motivate’	  students	  about	  the	  topic.	  I	  
think	   one	   of	   the	   really	   important	   things	   here	   is	   the,	   let’s	   call	   it	   the	   ‘real	   world’	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context,	  so	  it’s	  not	  just	  some	  sort	  of	  completely	  academic	  exercise	  with	  no	  real	  hint	  
or	  prospect	  of	  actual	  application.	  So	  obviously	  there,	  the	  huge	  advantage	  of	  working	  
with	  external	  organisations	  is	  that	  you	  can	  directly	  engage	  the	  students	  through	  the	  
exposure	  to	   that	   ‘real	  world’	   situation,	  and	  with	   this	  particular	  project,	   there	  were	  
two	  really	  important	  further	  aspects	  to	  that…or	  three	  actually	  come	  to	  think	  of	  it.	  	  
So	   one	   is	   quite	   straight	   forward	   and	   basic,	   which	   is	   that	   the	   work	   was	   run	   as	   a	  
competition	   with	   cash	   prizes	   involved,	   so	   I	   don’t	   know	   if	   that	   is	   part	   of	   the	  
engagement,	  or	  although	  funnily	  enough,	  I	  don’t	  think	  with	  our	  students	  that	  it,	  it’s	  
sort	  of	  like	  a	  bit	  of	  an	  incentive,	  but	  I	  think	  the	  students	  would	  be	  engaged	  anyway,	  
and	  I’m	  sure	  you	  were	  the	  same	  when	  you	  were	  a	  student.	  A	  cash	  incentive	  is	  nice	  to	  
have,	   but	   it’s	   not	   essential.	   But	   what	   we	   also	   did	   I	   think	   which	   was	   much	   more	  
valuable	   really,	   was	   one	   was	   that	   we	   had	   a,	   because	   it’s	   a	   long	   way	   away,	   an	  
overnight	  trip	  to	  CPI	  and	  to	  get	  much	  more	  in-­‐depth	  briefing	  on	  the	  sorts	  of	  printed	  
electronic	  technologies	  that	  they	  are	  exploring	  and	  have	  got	  samples	  of	  etc.	  etc.	  so	  
that’s	   really	   useful	   to	   sort	   of	   see	   things	   ‘first	   hand’,	   again	   in	   a	   proper	   commercial	  
industrial	  setting.	  
	  And	  then	  also	  at	  the	  second	  stage	  of	  the	  project	  that	  the	  students	  were	  also	  then	  
presenting	   their	  projects	  at	  Crown,	   so	   they	  visited	  Crown,	   they	  had	  a	  visit	  of	   their	  
factory,	  and	  were	  presenting	  again	   in	  a	  completely	  professional	   situation	   to	  senior	  
people	  from	  the	  company.	  And	  then	  at	  the	  early	  stages,	  a	  small	  team	  of	  people	  from	  
Crown	  came	  to	  Brunel	  to	  brief	  the	  students	  both	  on,	  some	  initial	  briefing	  on	  printed	  
electronics	  and	  on	  the	  particular	  requirements	  of	  the	  brief.	  So	  all	  of	  those	  elements	  I	  
think	   are	   important	   in	   answering	   your	   question,	   in	   terms	   of	   how	   students	   are	  
engaged,	  it’s	  a	  lot	  more	  than	  just	  say	  ‘here’s	  the	  information’.	  
	  
Interviewer:	  
Q6.	   What	   approaches/techniques	   were	   used	   in	   the	   project	   to	   communicate	  
printed	  electronics	  technology	  to	  designers?	  	  
	  
EECS2:	  
Okay,	   well	   I	   think	   I’ve	   probably	   answered	   that	   in	   the	   previous	   question,	   in	   this	  
particular	  case,	  going	  up	  to	  CPI	  and	  seeing	  available	  techniques	  etc.	   first	  hand.	  But	  
again,	  I	  suppose	  there	  is	  a	  small	  additional	  aspect	  of	  that	  which	  is,	  that	  falls	  into	  the	  
category	  of	  secondary	  research	  or	  literature	  review,	  that	  students	  would	  always	  be	  
expected	  to	  do	  further	  background	  research.	  A	  few	  of	  the	  students,	  by	  no	  means	  all	  
of	   them,	  a	   few	  of	   the	   students	  also	  wanted	   to	  be	  able	   to	   test	   ideas	  or	  use	   simple	  
prototypes	  as	  part	  of	   their	  presentation	  as	   communication	  of	   their	   ideas	  and	   they	  
did	  that	  sort	  of	  thing	  as	  well,	  built	  simple	  prototypes	  etc.	  	  
	  
Interviewer:	  
Q7.	  What	  types	  of	  questions,	  if	  any,	  did	  the	  students	  ask	  throughout	  the	  project?	  
	  
EECS2:	  
Well,	  I’m	  assuming	  you	  mean	  in	  relation	  to	  printed	  electronics,	  I	  think	  that	  in	  general	  
I	   suppose	   the	   sort	   of	   thing	   that	   comes	  up	   is	   that	   if	   you’ve	   introduced	   the	   general	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concept	  of	  printed	  electronics	  to	  people,	  then	  the	  sort	  of	  questions	  that	  come	  up	  are	  
to	  do	  with	  the	  current	  limitations	  of	  the	  technology.	  So	  for	  example,	  I	  learnt	  quite	  a	  
lot	   about	   some	   of	   the	   scientific	   challenges	   around	   genuinely	   flexible	   displays	   for	  
example,	  and	  I	  felt	  that	  was	  really	  interesting	  that	  CPI	  they	  can	  pretty	  accurately	  sort	  
of	  set	  out	  a,	  something	  like	  a	  ten	  year	  research	  development	  path	  that	  will	  lead	  us	  to	  
a	  point	  where	  we	  could	  have	  flexible	  OLED	  or	  other	  types	  of	  display,	  but	  we’re	  quite	  
a	  long	  way	  off	  at	  this	  point,	  in	  terms	  of	  displays	  that	  last	  longer	  than	  a	  month	  or	  two.	  	  
That	  was	   quite	   interesting	   and	   the	   other	   sort	   of	   questions	   that	   come	   up	   again	   in	  
terms	   of,	   so	   the	   questions	   that	   I	   would	   say	   are	   generally	   about	   the	   current	  
constraints	  and	  limitations,	  so	  power,	  battery	   life,	   levels	  of	   illumination,	  amount	  of	  
memory	  that	  can	  be	  incorporated,	  you	  know,	  all	  of	  these	  sort	  of	  questions	  which	  are	  
basically	  around…	  now	  that	  we’ve	  got	  the	  concept	  of	  printed	  electronics,	  we	  could	  
do	  anything!	   In	  a	  piece	  of	  clothing	  or	  a	  piece	  of	  packaging,	  well	  you	  can’t	  because	  
you’ve	   got	   all	   of	   these	   technical	   constraints	   and	   therefore	   anyone	  doing	   a	   project	  
needs	  to	  understand	  the	  technical	  constraints.	  But	  the	   interesting	  thing	  about	  that	  
flexible	   screen	   example	   is	   that,	   what	   I	   would	   encourage	  would	   be	   that	   approach,	  
would	  be	  to,	  yes	  there	  are	  technical	  constraints	  but	  actually	  what	  you	  really	  wanted	  
to	  do	   is	  not	   to	  view	  that	  as	  an	  absolute…but	   that	  you	  need	   to	  be	  able	   to	  put	   that	  
specific	  technical	  constraint	  as	  it	  is	  now,	  in	  the	  context	  of	  what	  development	  is	  going	  
on	  around	  that	  and	  where	  might	  we	  be	  in	  two	  or	  three	  years’	  time	  etc.	  	  
	  
Interviewer:	  
Q8.	   Were	   there	   any	   barriers	   encountered	   during	   the	   communication	   of	   printed	  
electronics	  technology	  to	  designers?	  
	  
EECS2:	  
Yeah,	   I	   think	  so,	   I	  mean	   I	   think	  this	  topic	  we	  have	  been	  talking	  about	  the	  technical	  
limitations,	  technical	  constraints	  and	  putting	  all	  of	  those	  constraints	   into	  some	  sort	  
of	   easy	   to	   understand	   context,	   part	   of	   that	   is	   time,	   but	   again,	   thinking	   about	   this	  
example	  of	   the	  OLED	  screens	  or	   flexible	  display	   screens	   in	  general.	   I	  don’t	  know	   if	  
you’ve	   heard	   this	   example	   but	   I	   thought	   it	   was	   a	   brilliant	   example	   to	   explain	   the	  
technical	  challenge,	  so	  do	  you	  know	  what	  I	  am	  going	  to	  say?	  The	  technical	  challenge	  
around	  developing	  flexible	  displays?	  
	  
Interviewer:	  
Umm..Power?	  
	  
EECS2:	  
No,	  not	  the	  power	  one.	  
	  
Interviewer:	  
I’m	  not	  sure.	  
	  
EECS2:	  
Okay,	  so	  this	  was	  the	  way	  it	  was	  explained,	  I	  thought	  it	  was	  a	  really	  good	  explanation	  
and	  I	  think	  that	  the	  guy	  had	  some	  cartoon	  style	  illustrations	  to	  make	  the	  point,	  but	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apparently	  the	  thing	  is	  that	  OLEDs	  that	  are	  the	  display	  technology	  that	  will	  be	  used	  
for	   flexible	   displays	   are	   incredibly	   sensitive	   to	  moisture	   ingress.	   So	   glass	   is,	   as	  we	  
know	  over	  centuries,	  is	  great	  for	  not	  letting	  moisture	  get	  at	  what’s	  being	  protected	  
by	  glass,	  but	  of	   course	  glass	   isn’t	   flexible.	  The	  sorts	  of	  plastics	  which	  are	   flexible,	   I	  
mean	  part	   of	   the	   reason	   they’re	   flexible	   is	   that	   they	  have	   a	  more	  open	  molecular	  
structure,	   the	   problem	  with	   a	  more	   open	  molecular	   structure	   is	   that	   it	   will	   allow	  
moisture	   in.	   So	   that	   (pointing	   to	   a	   plastic	   folder)	   doesn’t	   look	   like	   it	   would	   allow	  
moisture	  through	  does	  it,	  but	  the	  example	  that	  they	  gave	  was	  that	  imagine	  a	  plastic	  
tarpaulin	  covering	  an	  entire	  football	  pitch,	  and	  the	  moisture	  resistance	  has	  got	  to	  be	  
better	  than	  allowing	  one	  drop	  of	  water	  through	  that,	  covering	  that	  football	  pitch…as	  
a	   way	   of	   illustrating	   the	   challenge.	   So	   I	   thought	   that	   was	   quite	   nice.	   I	   mean	   a	  
completely	  unrelated	  example,	  but	   it’s	   an	  example	   I	   suppose	  of	   ‘how	  do	  you,	   in	  a	  
very	  simple	  way,	  explain	  this	  technical	  challenge?’.	  	  
So	   if	   you’ve	   ever	   done	   the	   lottery,	   I	   can	   remember	   once	   some	   students	   I	   was	  
working	   with,	   they	   were	   interested	   in	   this	   idea	   of	   ‘how	   do	   we	   communicate	   the	  
chances	  of	  winning	  the	  lottery?’	  because,	  I’m	  sure	  you’ve	  heard	  the	  saying	  that	  ‘the	  
lottery	   is	   a	   tax	   on	   the	   stupid’	   because	   basically,	   if	   you’re	   stupid,	   you	   don’t	  
understand	  how	  extremely	  unlikely	  it	  is	  that	  you	  would	  win	  the	  lottery.	  But	  basically,	  
what	   this	   student	   said	  was	   imagine	   this	   dot	   on	   this	   piece	  of	   paper	   represents	   the	  
winning	  number	  in	  a	  lottery,	  and	  then	  imagine	  that	  piece	  of	  paper	  covered	  in	  dots,	  
and	  then	  how	  many	  bits	  of	  paper	  do	  you	  need,	  covered	  in	  those	  dots,	  to	  represent	  
the	  complete	  number	  of	  options	  you	  have	  got	  of	  winning	  the	   lottery,	  and	  basically	  
you	   get	   a	   stack	   of	   paper	   higher	   than	   this	   room.	   So	   the	   chances	   of	   finding	   that	  
particular	   dot	   in	   that	   stack	   of	   all	   of	   those	   pieces	   of	   paper	   is	   tiny,	   so	   it’s	   just	   an	  
example	   of	   this	   idea	   of,	   you	   know,	   ‘how	   do	   you	   powerfully	   and	   effectively	  
communicate	  these	  issues	  around	  the	  constraints?’.	  
	  
Interviewer:	  
Q9.	   What	   were	   the	   outputs	   from	   the	   projects	   –	   product	   designs,	   functional	  
prototypes,	  concepts,	  viable	  products?	  
	  
EECS2:	  
The	  outputs	  were,	  I	  mean	  obviously	  there	  are	  the,	  what	  it	  came	  down	  to	  in	  the	  end	  
after…	  I	  mean	  in	  terms	  of	  Crown	  packaging,	  what	  it	  came	  down	  to	  was	  concept	  ideas	  
and	   the	   students	  were	   encouraged	   to,	   through	   the	  process	   that	  we	  went	   through	  
internally,	  and	  we	  also	  involved	  Crown	  in	  an	  interim	  review	  of	  ideas	  to	  help	  filter	  the	  
ideas	  down,	  because	  then	  ultimately	  the	  students	  were	  presenting	  to	  Crown	  an	  idea	  
as	  a	  team,	  and	  then	  that	   idea	  was	  then	  brought	  to	  life	  and	  communicated	  through	  
CAD	  visuals,	  photomontages,	  any	  range	  of	  techniques.	  	  
Although	  we	  didn’t	   actually	  use	  video,	   I	  mean	   I	   suppose	  we	  could	  have	  done,	  and	  
that	   could	   have	   been	   quite	   interesting.	   And	   more	   recently,	   because	   this	   Crown	  
project	   was	   probably	   about	   two	   years	   ago	   now,	   I	   mean	   now	   I	   think	   we	   would	  
probably	   also	   think	   about	   video	   communication	   as	   a	   helpful	   means	   of	  
communicating	   ideas,	   and	   obviously	   what	   the	   ideas,	   to	   communicate	   what	   the	  
overall	   idea	   is,	   but	   obviously	   what	   it’s	   also	   got	   to	   do	   is	   it’s	   got	   to	   provide	   some	  
validation	   of	   the	   technical	   concepts,	   the	   user	   benefits	   concept	   as	   well	   as	   the	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commercial	   concept	   as	   well,	   so	   it’s	   combining	   a	   number	   of	   aspects.	   And	   again	   I	  
suppose	  that	  would	  be	  if	  one	  was	  to	  differentiate	  this	  from	  perhaps	  what	  might	  be	  
the	  first	   idea	  about	  printed	  electronics,	  you	  might	  sort	  of	  think	  printed	  electronics,	  
well	  it’s	  all	  about	  those	  technical	  constraints	  and	  design	  around	  printed	  electronics	  is	  
‘how	  do	  you	  overcome	  some	  of	  those	  technical	  constraints	  at	  a	  technical	  level?’.	  But	  
of	  course,	  with	  this	  particular	  Crown	  project,	  the	  technical	  constraints	  are	  part	  of	  the	  
project,	  but	  actually	  the	  project	  is	  about	  the	  creative	  ideas	  about	  the	  applications	  of	  
the	  technology.	  
	  
Interviewer:	  
Q10.	  As	  an	  educator,	  what	  are	  your	  reflections	  on	  the	  printed	  electronics	  project	  in	  
this	  educational	  context?	  
	  
EECS2:	  
Umm…well…	   I’m	   partly	   reflecting	   on	   it	   because	   you’re	   asking	   me	   the	   question,	   I	  
mean	  I	  think	  if	  I	  cast	  my	  mind	  back	  to	  when	  we	  did	  the	  project,	  I	  think	  that,	  what	  was	  
successful	  about	   it	  was	  some	  of	   the	   things	   that	   I’ve	  already	   talked	  about.	   I	  mean	   I	  
think	  it’s	  always	  good	  to	  have	  these	  projects	  working	  in	  collaboration	  with	  industry,	  
and	   I’m	   sure	   [name]	   will	   say	   that	   that’s	   a	   big	   part	   of	   what	   I	   am	   involved	  with	   at	  
Brunel,	   is	  facilitating	  these	  industry	  collaborations.	  But	  we	  have	  other	  ones	  as	  well,	  
so	   the	   printed	   electronics	   was	   unique	   to	   this	   one,	   so	   I	   suppose	   what	   I	   also	   liked	  
about	   this	   one	   was	   the	   opportunity	   to	   visit	   CPI,	   because	   the	   students	   don’t	  
necessarily,	  and	  many	  of	  my	  colleagues	  would	  say	  that	  we	  should	  do	  much	  more	  of	  
that,	   giving	   the	   students	   the	   opportunity	   to	   see	   first-­‐hand	   in	   a	   very	   real	  way,	   the	  
technologies	  that	  they	  are	  using,	  or	  the	  situation	  that	  they	  are	  designing	  for,	  so	  that	  
was	  valuable.	  And	   then	   I	   suppose	   the	   third	   thing	   is,	   and	  knowing	  a	   little	  bit	   about	  
[name]	  and	  [name]	  and	  [name]	  work,	  you	  know,	  the	  idea	  that	  we	  can	  see	  that	  these	  
technologies	  are	  starting	  to	  become	  quite	  important	  and	  quite	  interesting	  areas	  for	  
designers	  to	  be	  working	  in,	  and	  that’s	  always	  interesting	  as	  a	  design	  educator,	  to	  be	  
early	  on	   in	   the	  exploration	  of	  a	  particular	   topic.	  Whether	   it’s	  a	   technical	   topic	  or	  a	  
contextual	   topic	   of	   some	   other	   sort,	   so	   for	   example,	   with	   another	   project	   I	  
particularly	   liked,	   it	  was	  with	  Sony	  and	  they	  were	   looking	  at	  a	  new	  way	  of	  thinking	  
about	   technology	   platforms	   for	   their	   products.	   So	   in	   some	   ways	   it	   was	   quite	  
philosophical,	  but	   it	  was	   linked	  to	  the	  ‘internet	  of	  things’,	  cloud	  computing,	  and	  all	  
these	  sorts	  of	  things,	  so	  you	  could	  see	  that	  -­‐	  and	  this	  is	  going	  back	  a	  few	  years	  as	  well	  
–	  you	  could	  see	  that	  this	   is	  the	  direction	  of	  travel	  for	  certain	  products	  and	  services	  
and	   technology.	   So	   the	   opportunity	   to	   be	   actively	   working	   with	   a	   company	   on	   a	  
project	  with	  those	  component	  elements:	  that’s	  interesting.	  	  
	  
Interviewer:	  
Q11.	  At	  the	  end	  of	  the	  printed	  electronics	  project,	  did	  the	  design	  students	  fill	  out	  
any	   feedback	   forms	   (did	  you	  record	  any	   feedback/comments	   from	  them)?	   (What	  
were	  the	  students’	  experiences	  of	  the	  printed	  electronics	  project?)	  	  
	  
EECS2:	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Umm…I’m	  personally	  really	  bad	  at	  that.	  So	  not	  in	  any	  formal	  sense,	  but	  I	  suppose	  I	  
can	  be	  a	  bit	  cynical	  about	  those	  sort	  of,	  the	  idea	  of	  formal	  feedback,	  because	  I	  would	  
like	  to	  think	  that	  as	  a	  professional,	   I	  constantly	  think	  and	  care	  about	  the	  quality	  of	  
the	   learning	  experience.	  And	   I	   should	  know	  as	  a	  professional,	  whether	   things	  have	  
gone	  well,	  or	  not	  well,	  and	   if	   they’ve	  not	  gone	  well,	   I	   know	  what,	  or	   I	   can	  at	   least	  
think	  about	  what	  things	  I	  should	  do	  to	  avoid	  that	  in	  the	  future.	  And	  if	  things	  go	  well	  I	  
can	  also	  pick	  up	  on	  that	  and	  think	  well	  that’s	  good,	  and	  how	  can	  we	  do	  more	  of	  that	  
in	  the	  future.	  
	  
Interviewer:	  
What	  were	   the	   students’	   experiences	   of	   the	   printed	   electronics	   project?	   (part	  of	  
question	  11)	  if	  they	  gave	  you	  any	  feedback	  at	  all?	  
	  
EECS2:	  
Yeah,	  again	  I	  think	  it	  really	  just	  probably	  underlines	  many	  of	  those	  things	  that	  we’ve	  
talked	   about	   already,	   in	   terms	   of,	   when	   I	   was	   a	   student	   it	   was	   used	   to	   be	   called	  
having	  a	   ‘live’	   client,	   and	   the	  opportunity	   to	  go	  out	  of	   the	  university	  and	  visit	  CPI,	  
being	   put	   under	   that,	   I	   think,	   stronger	   pressure	   to	   communicate	   at	   a	   professional	  
level.	   So	   however	   you’ve	   set	   up	   a	   presentation	   situation	  within	   the	  university,	   it’s	  
not	   the	   same	  as	  doing	   it	   offsite	   to	   a	   company	  of	   quite	   senior	   people.	  All	   of	   those	  
things	  I	  think	  the	  students	  enjoy.	  Sometimes	  I	  think	  some	  of	  the	  negative	  issues	  that	  
we	  deal	  with	  at	  Brunel	  is,	  which	  I	  think	  is	  a	  natural,	   I’m	  probably	  a	  bit	  tough	  there,	  
but	  I	  think	  a	  certain	  type	  of	  person	  doesn’t	  particularly	  enjoy	  too	  much	  pressure	  or	  
too	   much	   work.	   So	   these	   projects,	   they	   do	   create	   pressure	   and	   they	   do	   create	  
workload,	  and	  sometimes	  students	  do	  find	  that	  a	  little	  bit	  of	  a	  negative.	  But	  I	  think,	  
it’s	  a	  difficult	  one,	  because	   I	  also	  think	  that’s	  a	  positive	  and	   it’s	  also	  what	  students	  
need	  to	  be	  learning	  and	  learning	  how	  to	  manage	  and	  deal	  with,	  that’s	  part	  of	  being	  a	  
professional.	  
	  
Interviewer:	  
Q12.	   What	   were	   the	   overall	   intended	   outcomes	   from	   the	   printed	   electronics	  
project	   from	   both	   the	   researcher’s/companies’	   perspective	   and	   the	   educator’s	  
perspective?	  	  
	  
EECS2:	  
Umm…	  well	  I	  think	  I’ve	  probably	  covered	  the	  educational	  aims	  and	  outcomes	  quite	  
thoroughly	  in	  earlier	  questions,	  but	  I	  think	  from	  the	  company	  point	  of	  view,	  that	  was	  
quite	  interesting.	  Let’s	  say	  that	  there	  were	  two	  external	  stakeholders,	  because	  there	  
was	   CPI	   who	   were	   also	   investing	   time	   and	   money	   in	   making	   this	   collaboration	  
happen	  and	  also	  Crown.	  So	  I	  think	  that	  Crown,	  in	  a	  very	  practical	  way,	  what	  they	  got	  
out	  of	  it	  is	  that	  I	  think	  they	  went	  ahead	  and	  did	  some	  legal	  work	  around	  protecting	  
some	  of	  the	  ideas	  that	  were	  presented,	  and	  they	  also	  used	  the	  work	  extensively,	  the	  
communication	  materials	  extensively,	  internally	  within	  the	  organisation,	  because	  it’s	  
a	  global	  organisation.	  Apparently	  the	  American	  senior	  management	  of	  the	  company	  
are	  very	  keen	  on	  these	  sorts	  of	  collaborative	  activities,	  so	  it	  also	  was	  good	  for	  the	  UK	  
part	  of	  the	  organisation	  to	  be	  seen	  to	  be	  doing	  this	  sort	  of	  work	  and	  get	  some	  good	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results	  out	  of	   it,	   so	   there	  are	  all	  of	   those	  sorts	  of	  benefits.	  And	   I	   think	   for	  CPI,	   the	  
thing	  that	  I	  haven’t	  necessarily	  expected	  is	  that	  they	  were	  also,	  and	  I	  don’t	  think	  they	  
were	  just	  saying	  this	  either	  as	  they’d	  worked	  with	  other	  universities,	  they	  said	  that	  
they	   were	   also	   very	   impressed	   with	   the	   results	   and	   that	   the	   results	   were	   also	  
genuinely	  useful	   to	   them	   in	   terms	  of	   the	  communication	  materials	   that	   they	  could	  
use	  in	  other	  contexts	  that	  they	  had.	  And	  also	  I	  think	  for	  them,	  because	  I	  think	  that	  
they	  were	  slightly	  sceptical,	  I	  think	  CPI	  went	  into	  it	  because	  Crown	  encouraged	  them	  
to,	  but	  at	  the	  end	  of	  it	  I	  think	  CPI	  saw	  that	  in	  terms	  of,	  let’s	  call	  it	  an	  ‘open	  innovation	  
approach’	   that	   this	   was	   actually	   incredibly	   good	   value	   for	   money,	   or	   a	   good	  
investment	   because	   as	   well	   as	   working	   with	   other	   universities,	   they’d	   also	   done	  
work	  with	  consultancies,	  and	  I	  think	  that	  what	  we	  did	  was	  score	  very	  well,	  or	  better	  
than	  what	  they’d	  done	  with	  other	  consultancies	  or	  with	  other	  universities.	  	  
So	  I’m	  not	  biased	  at	  all!	  
	  
Interviewer:	  
Q13.	  Do	  you	  feel	  that	  projects	  like	  this	  translate	  well	  into	  an	  educational	  content?	  
	  
EECS2:	  
Yeah,	  absolutely,	  yeah,	  and	  I	  think	  depending	  on	  how	  you	  want	  to	  look	  at	  it,	  I	  mean	  
within	  Brunel	  for	  example,	  if	  I	  look	  at	  the	  university	  as	  a	  whole,	  that	  there	  is	  a	  huge	  
amount	  of	   interest	   in	  what’s	   know	  as	   concepts	   such	  as	   ‘project	  based	   learning’	  or	  
‘flipped	   classroom’	   is	   another	   one	  which	   has	   come	   up	  more	   recently,	   and	   to	  me,	  
coming	   from	  a	  design	  education	  background	   I	   sort	  of	   think	  well	   that’s	  what	  we’ve	  
been	  doing	  for	  years	  and	  years,	  ever	  since	  I	  started	  my	  career	   in	  design	  education.	  
But	  I	  think	  what	  it	  demonstrates	  is	  that	  for	  a	  whole	  range	  of	  reasons,	  that	  I	  won’t	  go	  
into,	  higher	  education	  as	  a	  whole	  is	  needing	  to	  re-­‐think	  how	  it	  delivers	  teaching	  and	  
learning,	   and	   the	   project-­‐based	   format	   for	   teaching	   and	   learning	   is	   incredibly	  
beneficial.	   So	   if	   we’re	   going	   to	   learn	   about	   new	   technology	   in	   a	   higher	   education	  
context,	  doing	  it	  in	  this	  sort	  of	  project-­‐based	  way,	  I	  think	  is	  very	  useful	  and	  probably	  
that	  is	  the	  future	  of	  a	  lot	  of	  education,	  a	  lot	  of	  higher	  education.	  
	  
Interviewer:	  
Q14.	  Are	  there	  any	  aspects	  about	  the	  education	  of	  designers	  on	  printed	  electronics	  
that	  you	  feel	  have	  not	  been	  covered	  in	  this	  interview?	  	  
	  
EECS2:	  
Well,	  what	  we	  haven’t	  talked	  about	  is,	  what	  I	  thought	  from	  your	  initial	  email	  might	  
be	  what	  we	  were	   talking	   about,	   and	   as	   I	   said	   in	  my	  email	   ‘I’m	  not	   coming	   from	  a	  
technical	   background’,	   so	   I	   wondered	   whether	   more	   of	   the	   conversation	   may	   be	  
about	  technical	  aspects	  because	  I	  think	  that,	  again	  this	  is	  my	  Brunel	  perspective	  but	  I	  
think	   it’s	  quite	   similar	   to	   Loughborough	  as	  well	   is	   that,	  both	  at	   Loughborough	  and	  
Brunel	   our	   design	   students,	   as	   part	   of	   their	   educational,	   get	   a	   good	   grounding	   in	  
understanding	  technology	  and	  being	  able	  to	  work	  with	  engineers	  and	  professionals	  
that	  have	  technologies.	  The	  major	  part	  of	  their	  professional	  activity,	  and	  that’s	  not	  
the	  case	  for	  the	  vast	  majority	  of	  design	  education,	  you	  can	  look	  on	  -­‐	  because	  I’m	  also	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involved	  with	   admissions	   at	   Brunel	   –	   if	   you	   look	   at	   all	   of	   the	   design	   courses	   that	  
there	  are	   in	   the	  country	  on	  UCAS,	  Brunel	  and	  Loughborough	  will	   stand	  out	  as	   two	  
courses	   that	   have	   a	   substantial	   technological	   content	  within	   their	   courses.	   So	   the	  
other	   95%	   don’t	   have	   that	   technological	   content	   and	   I	   think	   that	   is	   an	   issue	   for	  
design	  education	  overall.	  
	  
Interviewer:	  
Q15.	  Are	  there	  any	  questions	  you	  would	  like	  to	  ask?	  	  
	  
EECS2:	  
Umm…well	   I’d	   be	   really	   interested	   to	   know,	   because	   you	   haven’t,	   you’ve	   done	  
minimal	  introduction	  to	  the	  topic.	  So	  if	  I	  look	  at	  your	  overall	  title,	  so	  what	  I’d	  like	  to	  
know	  more	   about	   is	   you’re	  overall	   PhD	   topic,	   how	   this	   survey	   fits	   into	   the	  overall	  
topic	   and	   as	   you’re	   in	   your	   third	   year,	   where	   do	   you	   think	   your	   contributions	   to	  
knowledge	  may	  be	  within	  the	  topic?	  
	  
Interviewer:	  
Ok,	  so…	  
	  
EECS2:	  
So	  there’s	  about	  four	  questions	  in	  there…	  
	  
Interviewer:	  
So	   by	   the	   end,	   the	   initial	   thing	   would	   have	   been	   to	   present	   this	   technology	   to	  
designers,	  but	  with	  time	  remaining,	  I	  don’t	  know	  whether	  it	  would	  quite	  get	  that	  far.	  
But	  hopefully	  to	  put	  together	  an	  educational	  framework	  of	  the	  technology	  that	  can	  
be	  presented	  to	  designers	  within	  an	  educational	  context.	  So	  it’s	  just	  trying	  to	  put	  the	  
information	  together	  in	  a	  way	  that	  they	  will	  understand.	  
	  
EECS2:	  
Ahh	  ok	  yes.	  It	  reminds	  me	  a	  little	  bit	  of,	  I	  mean	  this	  is	  going	  back	  about	  15	  years,	  if	  
not	  more,	  maybe	  even	  20	  years,	  which	  was,	  do	  you	  know	  what	  I	  mean	  when	  I	  talk	  
about	  electroluminescent	  sheet?	  
	  
Interviewer:	  
Yes	  
	  
EECS2:	  
So	  I	  remember	  that,	   I	  don’t	  know	  if	   it	  was	  that	  year	  and	  it	  was	  the	  royal	  society	  of	  
arts	   project,	   but	   anyway	   I	   think	   there	   was	   a	   company	   that	   was	   exploring	  
commercialisation	  of	  electroluminescent	  sheet,	  and	  wire	  as	  well,	  electroluminescent	  
wire	   and	   I	   think	   they	   have	   produces	   a	   little	   educational	   pack	   of	   samples	   that	   you	  
could	  connect	  up	  and	  use.	  And	  I	  thought,	  that	  as	  an	  approach	  for	  designers	  is	  really	  
good,	   to	  give	  designers	   stuff	   that	   they	   can	  get	   their	  hands	  on	  and	  play	  with,	  but	   I	  
think	  that	  these	  days	  it’s	  more	  complicated	  than	  that	  because	  I	  think	  for	  designers	  I	  
think	  you	  want	  to	  have	  some	  of	  that	  practical,	  hands-­‐on	  type	  experience,	  but	  I	  think	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you’ve	  got	  to	  also	  try	  and	  find	  the	  way	  that	  can	  facilitate	  the	  students	  getting	  more	  
of	  the,	  sort	  of,	  what	  I	  call,	  the	  technical	  knowledge	  background	  understanding	  on	  the	  
particular	  technology	  that	  they	  might	  be	  using.	  And	  then	  of	  course	  you	  sort	  of	  start	  
to	  think	  about	  how’s	  that	  done	  in	  conventional	  education,	  in	  boring	  lectures,	  exams	  
that	  people	  hate,	  and	  things	  like	  that.	  So	  there’s	  got	  to	  be	  some	  better	  ways	  about	  
how	  do	  you	  acquire	  and	  embed	  that,	  what	  we	  would	  call	   the	   ‘body	  of	  knowledge’	  
associated	  with	  a	  particular	   technology.	  Anyway,	   its	  not	  the	  answer,	  but	   its	  sort	  of	  
characterising	  the	  issue	  as	  I	  would	  see	  it.	  	  
So	  what	  your	  thinking	  is,	  that	  your	  new	  knowledge	  would	  be	  a	  framework	  or	  being	  
able	  to	  contemplate	  or	  consider	  all	  of	  these	  factors	  that	  we’ve	  talked	  about,	  and	  at	  
this	  stage,	  any	  clues	  about	  important	  aspects	  of	  that	  framework?	  
	  
Interviewer:	  
I	  think	  it	  is	  interesting	  trying	  to	  sort	  of	  map	  out	  the	  technology,	  in	  a	  way	  that	  could	  
be	   easily	   understood,	   not	   only	   by	   designers	   but	   also	   by	   the	   educational	   side	   of	  
things.	  So	  it’s	  trying	  to	  sort	  of	  get	  back	  to	  the	  different	  levels	  I	  guess,	  and	  how	  it	  can	  
be	  accurately	  translated	  really.	  
	  
EECS2:	  
Ok,	  and	   then	  within	   this	  model,	   the	   thing	   that	   I	  would	  be	   interested	   in	   the	  sort	  of	  
model	  that	  you’re	  talking	  about,	  and	  I’ve	  not	  studied	  the	  topic	  to	  know	  what	  already	  
exists,	  but	  because	  there	   is	  so	  much	   interest	  and	   it’s	  come	  back	  again,	  again	  going	  
back	   about	   20	   years	   or	   so	   when	   I	   first	   started	   getting	   involved	  more	   full	   time	   in	  
design	   education,	   and	   I	   was	   introduced	   to	   the	   academic	   concept	   of	   project	   or	  
problem	  based	  learning	  etc.	  So	  there	  must	  be	  a	  no-­‐end	  of	  educational	  models	  that	  
can	   accommodate	   both	   the	   historical	   ways	   of	   learning,	   plus	   more	   contemporary	  
ideas,	   which	   probably	   aren’t	   contemporary	   ideas	   at	   all,	   they’re	   probably	   been	  
around	  forever,	  but	  newer	  ways	  of	  learning.	  I	  mean	  like	  another	  one	  that	  everyone’s	  
raving	  about	  is	  the	  MOOCs	  isn’t	  it,	  everyone’s	  raving	  about	  MOOCs,	  so	  can	  MOOCs	  
be	   part	   of	   how	  people	   get	   the	   knowledge	   part	   of	   understanding	   technology?	  And	  
how	  does	  MOOCs	  fit	  in	  to	  these	  sorts	  of	  things?	  I	  think	  one	  of	  my	  favourite	  models	  if	  
you	   as	   me	   ‘what’s	   your	   favourite	   model	   for	   education?’	   I	   would	   say	   Kolb’s	  
experiential	  learning	  model,	  do	  you	  know	  that	  one?	  
	  
Interviewer:	  
Yes,	   I’ve	   just	   found	  quite	  a	  relevant	  paper	  on	   it,	   trying	  to	  find	  one	  that’s	  closest	  to	  
design,	  but	  yeah,	  that’s	  going	  to	  be	  the	  next	  bit	  of	  literature	  to	  look	  at.	  But	  yes,	  I’ve	  
been	   looking	  at	  Bloom’s,	   the	  revision	  of	   that	  one	  as	  well,	   I	   can’t	   remember	  who	   it	  
was	   by	   now,	   but	   yeah,	   so	   because	   it’s	   also	   the	   level	   of	   understanding,	   to	   try	   and	  
communicate,	  and	  how	  much	  do	  they	  need	  to	  know	  about	  it	  to	  successfully	  design	  
with	  it	  as	  well.	  
	  
EECS2:	  
Yeah,	  and	  of	  course	  the	  other	  thing	  which	  I	  like	  about	  the	  Kolb	  experiential	  learning	  
model	   is	   the	   idea	   that	   you	   can,	   onto	   that	   you	   can	  plot	   different	   people’s	   learning	  
styles	  and	  I	  think	  that	  that’s	  something	  that	  people	  barely	  discuss.	  I	  think	  people	  in	  
senior	   positions	   in	   universities	   who	   get	   to	   think	   about	   teaching	   strategies,	   for	   a	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whole	   range	  of	   reasons	   they’re	   tending	   to	   look	   for	   sort	  of	   simple	  solutions	   that	   fit	  
everyone,	  but	  the	  reality	  is	  that	  if	  you’ve	  got	  ten	  people	  in	  a	  room,	  thirty	  people	  in	  a	  
classroom,	  you’ve	  probably	  got	  thirty	  different	  learning	  styles,	  and	  therefore	  maybe	  
thirty	  different	  ways	  for	  those	  people	  to	  learn	  about	  a	  particular	  topic	  and	  not	  just	  
one.	  But,	  mind	  you,	  having	  said	  that,	  the	  way	  that	  education	  works	  in	  this	  country	  is	  
that	   you	   end	  up	  with,	   in	   particular	   subject	   areas,	   you	   end	  up	  with	   similar	  minded	  
people,	   so	   in	   design	   you	   would	   end	   up	   with	   a	   whole	   bunch	   of	   people	   that	   are	  
similarly	  ‘right-­‐brained’	  in	  their	  approach	  etc.,	  but	  that’s	  probably	  not	  the	  future,	  you	  
know,	   because	  we’ve	   got	   to	  work	   in	  more	  multidisciplinary	  ways,	   so	  we’ve	   got	   to	  
have	  better	  recognition	  of	  learning	  styles,	  somewhere	  within	  your	  model.	  
	  
Interviewer:	  
Q16.	  With	  your	  experiences,	  in	  relation	  to	  my	  research,	  is	  there	  anything	  else	  that	  
you	  would	  like	  to	  add?	  
	  
EECS2:	  
Umm…well	   I	   think	  there	   is	  something	  quite	   interesting	  about,	   I	  mean	  this	   is	  not	  so	  
much	  about	  your	   research,	  well	   it	   is	  about	  your	   research	  directly,	   it’s	  not	  so	  much	  
directly	  about	  the	  topic,	  more	  about	  the	  subject	  of	  PhD	  level	  study.	  I	  think	  that,	  and	  
especially	  as	  you’ve	  got	  some	  professional	  experience	  as	  well,	  I	  think	  that	  it’s	  really	  
important	  for	  people	  doing,	  let’s	  call	  what	  you’re	  doing	  ‘design	  research’	  is	  that	  you	  
should	   definitely	   be	   thinking	   about	   the	   impact	   of	   your	   research	   beyond	   the	  
completion	  of	  your	  thesis.	  And	  thinking	  about	  that	  impact	  should	  then,	  in	  a	  circular	  
sort	  of	  way,	  inform	  the	  nature	  of	  the	  work	  that	  you’re	  doing.	  
	  
Interviewer:	  
So	   hopefully	   as	   the	   technology	   progresses,	   people	   could	   add	  more	   information	   to	  
keep	  it	  updated,	  especially	  with	  the	  technology	  side	  of	  it.	  Yeah,	  so	  hopefully	  that	  will	  
be	  a	  nice	  sort	  of	  opening	  for	  the	  people	  to	  add	  to,	  and	  hopefully	  looking	  to	  build	  on	  
as	  well.	  
	  
EECS2:	  
Yeah,	   well	   of	   course	   that	   is	   the	   sort	   of	   ‘standing	   on	   the	   shoulder	   of	   giants’	   type	  
concept,	  with	  a	  lot	  of	  academic	  research,	  but	  I’m	  not	  sure	  that	  I	  believe	  it,	  and	  if	  we	  
talk	  to,	  do	  you	  know	  the	  concept	  of	  the	  ‘diffusion	  of	  innovation’	  concept?	  Anyway,	  
the	  diffusion	  of	   innovation	  concept	   is	  basically	  exploring	  how,	  with	   innovation	  how	  
does	   a	   piece	   of	   innovative	   activity	   get	   out	   into	   the	   market,	   and	   how	   does	   it	   get	  
diffused	  into	  the	  market	  and	  what	  does	  the	  success	  look	  like?	  And	  people	  will	  quite	  
often	  say	  that	  diffusion	  of	  innovation	  looks	  like	  this	  (draws	  a	  graph	  on	  paper-­‐similar	  
to	   a	   hype	   cycle)	   and	   you	   can	   start	   to	   divide	   it	   up,	   and	   look	   at	   different	   bits.	   The	  
problem	  with,	  my	  argument	  would	  be	  that	  a	  lot	  of,	  and	  maybe	  I’m	  at	  fault	  with	  this	  
as	  well,	  but	  that	  a	  lot	  of	  academic	  work	  is	  there	  (illustrates	  a	  low	  point	  on	  the	  graph	  
drawn)	  and	  never	  goes	  beyond	  there.	  So	  the	  concept	  that	  the	  work	  can	  be	  picked	  up	  
and	   it	  will	   go	   like	   this	   (higher	   up	   the	   graph)	   and	   be	   part	   of	  what	   everybody	   does	  
before	   it	   dies	   away	   and	   other	   things	   come	   along	   is	   a	   great	   concept,	   but	   not	  
necessarily	   the	   reality.	  But	   it’s	  quite	   interesting	   to	   think	  about,	   I	  mean	  people	   talk	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about	   dissemination	  of	   research,	   but	   ‘dissemination’	   I’m	  not	   too	   keen	  on,	   but	   the	  
diffusion	  of	  research,	  links	  it	  to	  the	  diffusion	  of	  innovation,	  that	  would	  be	  my	  parting	  
comment.	  
	  
Interviewer:	  
Thank	  you	  very	  much	  for	  help	  and	  giving	  up	  your	  time	  to	  take	  part	  in	  this	  interview.	  
	  
	  
Appendix	   8.3:	   Interview	   with	   ‘EECS3’	   on	   26th	  
January	  2016	  
	  
Interviewer:	  
Thank	  you	  for	  taking	  part	  in	  this	  interview.	  
The	  purpose	  of	  this	  interview	  is	  to	  collect	  and	  discuss	  the	  perceptions	  and	  opinions	  
of	   experts	   who	   have	   created	   a	   teaching	   and	   learning	   environment	   for	  
product/industrial	   design	   students,	   regarding	   accurate	   knowledge	   transfer	   and	  
communication	   of	   printed	   electronics	   technology	   for	   the	   education	   of	   student	  
designers.	  
Q1.	  How	  did	   the	  Education/Printed	  Electronics	   collaboration	   come	   together?	  Did	  
the	  printed	  electronic	   researchers/companies	   contact	  YOU	   (the	  educators)	   in	   the	  
first	  instance?	  
	  
EECS3:	  
Yeah,	   they	   approached	   us.	   I	   don’t	   know	   how	   your	   university	   works	   with	   external	  
contacts	  or	  project	   liaisons.	  We	  have	  sponsored	  projects	  this	  came	  through	  a	  team	  
within	  our	  building	  who	  would	  have	  been	  approached	  by	  what	  was	  a,	  I	  think	  it	  was	  a	  
funding	  body.	  It’s	  a	  group	  of	  technology	  companies	  who	  have	  linked	  together	  to	  be	  
able	   to	  promote	   their	   technologies	   to	  other	  businesses.	   So	   they	  approached	  us	   to	  
say	  they	  think	  they	  have	  a	  problem	  with	  their	  particular	  approach,	  and	  they	  felt	  they	  
needed	  design	  to	  be	  able	  to	  help	  them	  amend	  the	  product	  that	  they	  have	  created,	  to	  
be	   able	   to	   make	   strong	   connections	   between	   the	   technology	   businesses	   and,	   in	  
theory,	  the	  vertical	  markets	  that	  exist	  out	  there.	  That’s	  fundamentally	  how	  it	  started.	  
	  
Interviewer:	  
Q2.	   How	   did	   the	   Printed	   Electronics	   project	   fit	   in	   to	   the	   student	   programme	   of	  
study	  –	  (Was	  it	  part	  of	  a	  module?)	  
	  
EECS3:	  
Yeah,	  do	  you	  know	  much	  about	  the	  structure	  of	  the	  educational	  process?	  Because	  I	  
could	  start	  quoting	  acronyms	  and	  unit	  numbers…it’s	  not	  particularly	  interesting	  is	  it.	  
I’ve	  only	  been	  in	  the	  job	  about	  a	  year,	  so	  I	  still	  don’t	  necessarily	  understand	  all	  the	  
acronyms,	  so	  perhaps	  the	  best	  way	  is	  that	  I’ll	  say	  it	  how	  I	  see	  it.	  Which	  is,	  there	  is	  a	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particular	   part	   of	   the	   student	   study	  which	   focuses	   upon	   the	   user	   experiences	   and	  
behaviours,	   and	   the	   way	   the…,	   what	   we	   had	   to	   ensure	   was	   that	   the	   learning	  
outcomes	   for	   that	   particular	   unit	   could	   be	   achieved	   with	   the	   project	   for	   printed	  
technologies.	  Invariably	  what	  then	  happens	  is	  that	  the	  brief	  itself	  isn’t	  actually	  a	  brief	  
we	  necessarily	  run,	  but	  we	  discuss	  it	  before	  hand	  and	  amend	  it	  to	  make	  sure	  that	  all	  
the	  students	  get	  the	  same	  potential	  to	  learn	  a	  wide	  range	  of	  aspects	  to	  maximise;	  I	  
think	  there	  were	  five	  main	  learning	  outcomes	  of	  that	  particular	  unit.	  So	  we	  created	  a	  
brief	   that	  would	   enable	   them	   to	   deliver	   those	   five	   learning	   outcomes.	   If	   it	   hadn’t	  
have	  been	  that	  way,	  then	  I	  think	  the	  clients,	  the	  group	  that	  were	  representing	  those	  
technologies,	  would	  have	  just	   liked	  us	  to	  come	  up	  with	  a	  nice	  product.	  They	  didn’t	  
understand	   that	   actually	  what	  we	  were	   looking	  at	  was	  how	   to…the	   issue	  with	   the	  
brief	  was	   ‘how	   do	   you	   engage	  with	   a	   customer	   to	   communicate	   the	   technology?’	  
and	  it	  isn’t	  just	  the	  product,	  it’s	  the	  ideation	  behind	  the	  product,	  and	  the	  positioning	  
of	   the	   technologies	   relative	   to	   these	   different	   industries.	   So	   it’s	   actually	   a	   much	  
broader	  project	   than	   they	   thought	   it	  was.	  But	   that	  worked	   in	   their	   favour	  because	  
they	  actually	  gained	  more	  from	  the	  project	  than	  what	  they	  were	  expecting.	  
	  
Interviewer:	  
Part	  of	  question	  2:	  What	  had	  the	  project	  been	  for	  the	  module	  in	  previous	  years?	  
	  
EECS3:	  
So	  on	   that	  module,	   on	   that	   year	  we	  had	   four	   different	   projects	  which	   the	  printed	  
technology	  as	  one,	  it	  actually	  became	  two	  of	  them…so,	  that’s	  not	  clear	  enough…We	  
break	   down	   the	   year	   cohort	   into	   four	   groups.	   Most	   years	   each	   group	   has	   one	  
particular	   sponsored	   project,	   and	   they	   can	   vary,	   it	   could	   be	   a	   project	   around	  
something	  like	  a	  waste	  aggregator,	  or	  it	  could	  be	  a	  piece	  of	  furniture;	  so	  it	  depends	  
on	  clients	  as	  to	  what	  projects	  we	  run.	  This	  particular	  project	  we,	  or	  I	  decided	  to	  run	  it	  
across	   two	   groups,	   that	   meant	   the	   last	   year	   that	   they	   were…there	   was	   a	   project	  
around	   road	   safety,	   there	  was	   a	   project	   around	   luxury	   cosmetics,	   and	   then	   there	  
were	   two	   groups	   who	   were	   doing	   the	   project	   around	   printed	   technologies.	   The	  
reason	   I	   made	   that	   decision	   was	   the	   fact	   that	   the	   number	   of	   potential	   solutions	  
around	  those	  technology	  partners	  was	  so	  vast,	  is	  that	  with	  that	  number	  of	  students,	  
there	   was	   plenty	   to	   investigate;	   you	   wouldn’t	   get	   repetition	   of	   ideas	   necessarily.	  
There’s	  always	  a	  few,	  that	   it	  was	  so	  vast	  area,	  that	  actually	   it	  was	  highly	   likely	  that	  
they	  would	  all	  come	  up	  with	  something	  new.	  So	  we	  actually	  had	  two	  groups	  working	  
on	  that	  project	  on	  printed	  technologies.	  
	  
	  
Interviewer:	  
Q3.	  What	  were	  the	  design	  students’	  background	  experiences	  prior	  to	  the	  printed	  
electronics	  project?	  	  
	  
EECS3:	  
Is	  that	  a	  question	  about	  their	  level	  of	  learning	  and	  educating,	  or	  is	  it	  where	  did	  they	  
come	  from	  initially?	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Interviewer:	  
More	  where	  they	  came	  from	  initially,	  so	  it’s	  just	  their	  background	  experiences.	  
	  
EECS3:	  
They	  would	  have	  had	  a	  year’s	  study	  already,	  well	  a	  year	  and	  a	  quarter…it’s	  actually	  a	  
hard	   question	   to	   answer	   because	   the	   student’s	   selected	   the	   projects.	   What	   I	  
promised	  them	  is	  that	  the	  three	  different	  clients	  we	  had,	  they’d	  all	  get,	  if	  they	  didn’t	  
get	  their	  first	  choice,	  at	  least	  their	  second	  choice;	  so	  no	  student	  would	  end	  up	  having	  
the	  choice	  or	  project	  that	  they	  really	  didn’t	  want	  to	  do.	  So	  what	  you	  tend	  to	  have	  is,	  
those	  that	  had	  quite	  a	  technical	  mind	  would	  tend	  to	  go	  for	  the	  technology	  project,	  
but	  you	  couldn’t	  always	  count	  on	  that	  one,	  because	  some	  students	  would	  say	  that	  
‘actually,	  I	  know	  technology,	  I	  want	  to	  learn	  something	  about	  the	  luxury	  industry,	  so	  
actually	  I’m	  going	  to	  do	  the	  luxury	  project’.	  So	  I	  actually	  couldn’t	  say,	  there	  was	  no	  
consistent	   majority	   that	   I	   could	   say	   ‘80%	   of	   them,	   their	   background	   was	   around	  
engineering’	   or	   that	   ‘70%	   of	   them	   already	   had	   a	   connection	   with	   a	   technology	  
business’;	   they	  came	   from	  a	  variety	  of	  different	  backgrounds,	   some	  that	  had	  done	  
foundation	   courses,	   some	   were	   school	   leavers,	   some	   were	   a	   few	   more	   mature	  
students	  as	  well.	  So	   really	   it	   came	  down	  to	  whether	  or	  not	   they	  engaged	  with	   the	  
brief,	  which	  I	  gave	  them	  an	  option	  to	  look	  at	  or	  three	  briefs.	  It’s	  very	  difficult	  to	  say	  
where	   individual	   backgrounds	   are,	   and	   if	   there	  was	   any	   pattern,	   there	  wasn’t	   any	  
pattern	  to	  it	  at	  all.	  
	  
Interviewer:	  
Q4.	  What	  were	  the	  intended	  learning	  outcomes	  of	  the	  printed	  electronics	  project?	  
	  
EECS3:	  
Learning	   outcomes,	   I	   think	   it	   was	   22	   to	   25,	   now	   what	   they	   all	   were,	   I’d	   have	   to	  
actually	  double	  check.	  I	  know	  what	  we…would	  it	  help	  to	  just	  explain	  the	  intention	  of	  
what	  they	  had	  to	  deliver?	  Would	  that	  help?	  
	  
Interviewer:	  
Yes	  
	  
EECS3:	  
Well,	  actually,	   if	  you	  give	  me	  a	  second,	  what	  I’ll	  do	  is	  I’ll	  actually	  show	  you,	  I’ll	  give	  
you	  the	  precise…(searching	  on	  computer)	  
So	  the	  learning	  outcomes	  are:	  
• The	  ability	  to	  simulate	  your	  design	  proposals	  
• The	  ability	  to	  analyse	  behaviour	  and	  apply	  the	  outcomes	  to	  design	  
• Comparison	  and	  evaluation	  of	  design	  ideas	  
• Modelling	  in	  three	  dimensions	  and	  in	  3D	  CAD	  
• The	  preparation	  of	  a	  technical	  package	  
So	   they	   are	   the	   things	   we	   were	   looking	   for	   within	   the	   deliverables,	   there	   was	   a	  
specific	  list	  of	  exactly	  what	  they	  would	  produce	  for	  their	  presentation,	  so	  as	  	  I	  recall,	  
it	   was	   three	   boards	   of	   concepts,	   a	   final	   hero	   shot,	   a	   story	   board,	   the	   research	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material,	  and	  a	  model.	   I	   think	  that	  was	  everything.	  Oh,	  and	  an	  optional	  video,	  that	  
was	  optional.	  Because	  one	  of	  the	  projects	  was	  actually	  suggesting	  that	  they	  want	  a	  
video	  presentation	  as	  well.	  	  
There	  are	  marking	  criteria,	  and	  I	  don’t	  know	  how	  Loughborough	  work	  with	  this,	  but	  
we	  also	  have	  marking	  criteria	  which	  relate	  to	  the	  learning	  outcomes,	  which	  are:	  
• Communication	  of	  presentation	  
• Analysis	  
• Experimentation	  
• Technical	  competence	  	  
And	  those	   learning	  outcomes	  relate	  to	  each	  of	  those	  marking	  criteria.	  So	  when	  we	  
presented	  the	  work,	  or	  the	  students	  presented	  the	  work	  to	  us,	  our	  form	  was	  simply	  
saying,	   you	   know:	   ‘communication	   of	   presentation,	   standing	   up,	   showing	  me	   your	  
work,	  it’s	  self-­‐explanatory,	  the	  boards	  themselves	  explain	  the	  idea,	  but	  also	  how	  are	  
you	   presenting	   yourself	   in	   terms	   of	   your	   ideas?’.	   The	   analysis	   is	   ‘looking	   at	   the	  
research,	   and	   how	   did	   you	   come	   to	   these	   solutions	   you	   needed	   to	   get	   to?’.	  
Experimentation	  was	  ‘how	  broad	  did	  you	  look,	  and	  how	  many	  different	  ideas	  did	  you	  
come	  up	  with?’.	  And	  the	  technical	  competence	  was	  ‘the	  creation	  in	  3D	  CAD,	  and	  GA	  
drawings,	   and	   a	  model’.	   So	   by	   looking	   at	   each	   of	   those	  marking	   criteria,	  we	  were	  
able	   to	   make	   sure	   that	   they	   delivered	   their	   learning	   outcomes.	   If	   there	   was	  
something	  missing,	  it	  had	  an	  impact	  obviously	  on	  the	  learning	  outcomes,	  which	  then	  
allowed	  us	  to	  change	  the	  grades	  to	  show	  who	  had	  done	  very	  well,	  and	  who	  had	  done	  
not	  so	  well.	  
	  
Interviewer:	  
Q5.	  How	  did	  the	  design	  students	  engage	  with	  the	  project?	  (Were	  students	  given	  a	  
brief	  by	  you/the	  companies/both?)	  
So,	  I	  think	  some	  of	  these	  may	  be	  a	  bit	  of	  a	  repeat	  of	  what	  we’ve	  said.	  
	  
EECS3:	  
It’s	  a	  really…of	  all	  the	  projects	  I	  ran,	  this	  one	  was	  the	  hardest	  one	  for	  them	  to	  engage	  
with,	   because	   there	  was	   such	   a	  wide	   range	   of	   possible	   products	   that	   could	   come	  
from	   it.	   So	   what	   I	   did	   before	   hand	   was	   I	   actually	   met	   with	   the	   client	   over	   the	  
Christmas	  period,	  and	  we	  had	  a	  brainstorm	  session	  with	  the	  technology	  partners,	  for	  
them	  to	  share	  the	  technologies	  they	  had,	  for	  us	  as	  a	  group	  of	  lecturers,	  three	  or	  four	  
of	  us	  to	  actually	  use	  our	  experiences	  to	  say	  ‘how	  can	  we	  narrow	  it	  down	  a	  bit?’.	  So	  
eventually	  the	  brief	  I	  wrote	  for	  students	  had	  narrowed	  down	  into	  particular	  market	  
verticals,	   so	   that	   they	   could	   only	   produce	   products	   that	   were	   related	   to,	   no	   we	  
actually	   had	   many	   verticals	   covered,	   that	   related	   to	   what	   the	   technical	   partners	  
wanted.	  So	   they’d	  all	   said	   ‘no	  we	  want	   to	  be	   in	  medical’	  and	   they’d	  give	  you	   facts	  
and	  figures	  that	  would	  explain	  why	  the	  medical	  market	  is	  where	  they	  should	  target,	  
the	  usual	  thing	  ‘it’s	  worth	  1.7	  trillion	  dollars	  a	  year’	  or	  whatever,	  but	  they	  hadn’t	  got	  
any	  further	  than	  saying,	  ‘yes,	  but	  what	  does	  that	  mean	  to	  us?’,	  so	  we	  did	  that	  as	  a	  
workshop.	  I	  narrowed	  it	  down	  to	  bring	  down	  about	  thirteen	  different	  verticals,	  down	  
to	   about	   seven,	   I	   then	   gave	   the	   groups	   of	   students,	   the	   ones	   that	   selected	   this	  
project,	  a	  starting	  point	  of	  which	  vertical	   they	  were	  going	  to	  originally	  design	  for.	   I	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only	  did	  that,	  not	  to	  be	  able	  to	  say	  ‘you’re	  restricted	  by	  only	  working	  in	  medical,	  or	  
only	  work	  on	  entertainment	  industry’	  but	  to	  simply	  get	  them	  to	  start.	  Because	  they	  
were	   feeling	   a	   little	   bit	   overwhelmed	   with	   the	   brief,	   which	   from	   the	   client’s	  
perspective	  was	  just	  ‘design	  us	  a	  box’,	  but	  that	  wouldn’t	  give	  them	  the	  outcomes.	  So	  
by	  giving	  them	  a	  vertical	  to	  aim	  for,	  they	  could	  say	  ‘I’m	  designing	  technology	  for	  the	  
medical	  sector,	  what	  does	  medical	  sector	  expect?	  Or	  what	  are	  the	  restraints	  of	  the	  
sector?	   What	   are	   the	   issues	   I	   have	   to	   address	   immediately?’.	   So	   it	   allowed	   the	  
students	  to	  have	  a	  contextual	  understanding	  of	  the	  restraints	  in	  their	  projects.	  When	  
they	  had	  done	  that	  initial	  work,	  their	  first	  week,	  they	  were	  then	  free	  to	  do	  different	  
sectors;	  because	  they	  had	  worked	  together,	  I	  got	  them	  into	  peer	  groups,	  to	  then	  say	  
‘well	  look,	  you	  might	  discover	  something	  in	  the	  other	  group	  and	  realise	  that’s	  really	  
where	  you	  want	  to	  be,	  that’s	  what	  you	  want	  your	  project	  to	  be’,	  so	  then	  they	  at	  least	  
got	  to	  discuss	   it	  and	  share	  that.	  The	  brief	  became	  clear	  at	  that	  point.	  There	  was	  of	  
course	  the	  standard	  issue	  with	  any	  brief	  is	  that	  client’s	  come	  to	  you	  for	  a	  reason,	  it’s	  
because	   they	  don’t	  have	   the	  answers,	   if	   they	  knew	   the	  answers,	   they	  wouldn’t	  be	  
here,	  they’d	  just	  go	  and	  do	  it.	  So	  there	  was	  a	  certain	  amount	  of	  expectation	  around	  
what	  we	  would	  deliver,	  but	  through	  the	  process	  the	  client	  began	  to	  realise	  that	  they	  
got	  a	  lot	  more	  than	  their	  expectations,	   it	  was	  different	  to	  what	  they	  expected,	  and	  
isn’t	  necessarily	  what	  they	  wanted,	  but	  they	  certainly	  got	  a	  wider	  range	  of	  potentials	  
than	  they	  started	  with.	  They	  simply	  wanted	  to	  have	  a	  showcase	  for	  the	  technology,	  
what	  they	  ended	  up	  with	  was	  a	  wide	  range	  of	  products	  that	  showcased	  some	  or	  all	  
of	   the	   technologies	  within	   the	  companies	   that	   they	  were	   talking	   to.	  So	  actually,	  at	  
the	   end	   of	   it,	   it	  was	   very	   clear.	   From	   the	   student’s	   perspective,	   they	   started	   it	   by	  
saying	  ‘so	  you	  want	  me	  to	  design	  a	  box	  of	  technology?’,	  and	  that’s	  kind	  of	  ‘hmm,	  yes	  
and	  no’.	  That’s	  what	  the	  client	  has,	  and	  that’s	  what	  they	  say	  they	  want,	  and	  that’s	  
what	  they’ve	  told	  you	  they	  want,	  but	  your	  task	  is	  to	  understand	  ‘why	  do	  they	  need	  a	  
box	   of	   technology?	  What’s	   the	   purpose	   of	   that	   box	   of	   technology?	  Who	   are	   they	  
targeting	  with	  that	  box	  of	  technology?	  And	  what	  could	  you	  design	  to	  make	  the	  story	  
about	   the	   technology	   really	   really	   compelling	   for	   their	  potential	   clients?’.	  They	  got	  
that	   then,	  but	  they	  still	  had	  this	  duality	  of	  what	  the	  client	  was	  saying	   ‘they	  want	  a	  
box	   of	   technology’	   and	  me,	   i.e.	   the	   university	   saying	   ‘but	   you	   need	   to	   fulfill	   your	  
outcomes,	  I	  need	  you	  to	  be	  thinking	  broader	  about	  behaviours,	  and	  getting	  into	  the	  
mind-­‐set	   of	   the	  potential	   end	  user,	   and	   you	   can	  only	   get	   there	   if	   you	   start	  with	   a	  
market’	  but	  that’s	  how	  we	  originated	  the	  project.	  	  
	  
Interviewer:	  
Q6.	   What	   approaches/techniques	   were	   used	   in	   the	   project	   to	   communicate	  
printed	  electronics	  technology	  to	  designers?	  	  
	  
EECS3:	  
Number	   one,	   the	   technical	   partners	   were	   very	   happy	   to	   share	   their	   technology,	  
there	   were	   some	   developments	   that	   they	   couldn’t	   show,	   they	   were	   at	   a	   quite	  
delicate	  stage,	  but	  they	  indicated	  that	  they	  would,	  if	  there	  was	  something	  that	  one	  
of	  the	  students	  was	  coming	  up	  with	  that	  related	  to	  one	  of	  their	  newer	  technologies,	  
then	  they	  would	  kind	  of	  have	  a	  quiet	  chat	  about	  where	  it	  could	  go.	  But	  they	  couldn’t	  
reveal	   some	   of	   the	   really	   confidential	   stuff.	   Everything	   else	   they	   were	   very	   open	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with,	  so	  they	  provided	  that	  information	  to	  us	  during	  the	  brainstorm,	  I	  put	  it	  together	  
in	   a	   document	   and	   shared	   it	   with	   all	   the	   students,	   they	   had	   both	   links	   to	   the	  
websites	   of	   the	   companies	   and	   they	   had	   the	   images	   related	   to	   the	   particular	  
technologies	  that	  were	  being	  discussed.	  And	  to	  a	  certain	  degree,	  I	  did	  sort	  of	  a	  SWOT	  
analysis	  of	   each	  of	   the	   technologies,	   so	   they	  had	   that	   information	   to	   start	  with;	   it	  
doesn’t	  mean	  they	  all	  used	  it,	  some	  students	  just	  decided	  that	  they	  weren’t	  going	  to	  
look	  at	  it	  at	  all	  and	  were	  just	  going	  to	  start	  their	  project.	  I’ll	  say	  no	  more	  than	  that.	  
But	   they	   should	   all	   have	   had	   that	   and	   in	   terms	   of	   the	   process,	   the	   technology	  
partners	  were	  also	  very	  open	  to	  being	  involved	  with	  the	  students,	  they	  were	  happy	  
to	  come	  in	  and	  meet,	  which	  a	  few	  of	  them	  did.	  We	  also	  set	  up	  some	  Skype	  calls,	  so	  
that	   they	   could	   actually	   ask	  questions	   about	   their	   project	   throughout	   the	  process.	  
The	  technology	  guys	  were	  great	  at	  being	  supportive	  on	  that,	  my	  only	  criticism	  was	  
that	  the	  students	  were	  getting	  so	  wrapped	  up	  in	  doing	  their	  work,	  that	  they	  didn’t	  
think	  it	  was	  useful	  to	  them.	  Which	  was	  a	  foolish	  presumption	  to	  make,	  which	  I	  made	  
very	   clear	   that	  when	  people	  are	  giving	   their	   time	   to	  help	   you,	  because	   they	   know	  
there’s	   a	   distinct	   advantage	   to	   working	   with	   you,	   then	   it’s	   very	   very	   rude	   to	   not	  
engage.	  I	  had	  a	  bit	  of	  a	  little	  fit,	  a	  little	  tantrum	  half	  way	  through	  the	  course,	  half	  way	  
through	  the	  unit	  to	  make	  sure	  that	  people	  did	  engage.	  
	  
Interviewer:	  
Yeah,	  because	  it’s	  a	  fantastic	  opportunity	  for,	  well	  for	  both	  sides	  actually,	  but	  yeah	  I	  
mean	  to	  have	  that	  communication	  is	  great.	  
	  
EECS3:	  
And	  the	  students	  that	  did	  engage	  got	  so	  much	  from	  it,	  the	  ones	  who	  came	  out	  with	  
really	   good	   end	   results	   actually	   engaged	  with	   each	   of	   these	   technologies	   because	  
they	  asked	  questions.	  Everyone	  else	   just	  went	  off	  and,	   there	  were	  a	   few,	  probably	  
out	  of	   the	   fifty,	   that	   ended	  up	  working	  on	   it,	   there	  were	  probably	   five	  or	   six	  who	  
really	  didn’t	  get	  it,	  they	  just	  looked	  at	  one	  technology	  and	  just	  developed	  a	  product	  
that	   used	   it.	  Now	   the	   brief	   itself	  wanted	   to	   use	   as	  many	  of	   those	   technologies	   as	  
possible	  to	  showcase	  the	  technologies,	  so	  just	  choosing	  one	  out	  of	  eight	  companies	  
shows	  a	  misunderstanding	  of	  how	  you	  build	  a	  relationship	  with	  a	  client.	  They	  don’t	  
just	  come	  to	  you	  and	  you	  do	  what	  you	  like,	  there	  has	  to	  be	  an	  outcome	  that	  matches	  
the	   client’s	  needs,	   so	  about	   five	  of	   the	   students	   just…I’m	  not	   saying	   their	  projects	  
were	  bad,	  they	  just	  simply	  didn’t	  fulfill	  the	  brief,	  they	  had	  some	  really	  nice	  ideas,	  but	  
it	  didn’t	  fulfil	  the	  specific	  brief.	  The	  best	  ones	  did	  an	  amazing	  job,	  the	  top	  ten,	  I	  say	  
they’re	   the	   top	   ten	   because	   they’re	   simply	   the	   ones	   that	   actually	   managed	   to	  
deliver,	   visualise	   what	   it	   was	   that	   I	   couldn’t	   imagine.	   I	   think	   I’m	   fairly	   well	  
experienced,	  and	  able	  to	  get	  an	  answer	  to	  most	  things,	  but	  one	  student	  particularly	  
stood	   out	   with	   his	   first	   review,	   and	   yeah	   I’d	   been	   brainstorming,	   I’d	   run	   the	  
brainstorm,	  I’d	  been	  thinking	  of	  what	  could	  this	  possibly	  be,	  my	  head	  knew	  what	  it	  
needed	  to	  be,	  but	  I	  couldn’t	  understand	  how	  that	  would	  be	  interpreted,	  and	  he	  did	  
his	   first	   presentation	   and	   it	   was	   ‘that’s	   it,	   that’s	   exactly	   it,	   that	   is	   everything	   I	  
couldn’t	   imagine’,	   and	   that	   was	   an	   absolutely	   awesome	   project.	   He	   managed	   to	  
make	  something	  so	  complex	  into	  something	  very	  very	  simple.	  	  
So	   back	   to	   your	   previous	   question,	   which	   it	   relates	   to	   ‘how	   did	   they	   find	   the	  
experience?’,	  the	  really	  good	  ones	  were	  able	  to	  really	  get	  to	  grips	  with	  the	  brief	  and	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understand	  how	  to	  manipulate	  that	  brief	  to	  make	  it	  better	  for	  the	  client.	  The	  weak	  
students	   just	   read	  the	  brief	  and	  did	  what	   they	  thought	   they	  should	  do,	  which	   isn’t	  
the	   same.	   So	   the	   experience	   would	   depend	   on	   who	   you	   spoke	   to,	   it	   was	   either	  
absolutely	  amazing	  or	  really	  hard	  work.	  
	  
Interviewer:	  
Q7.	  What	  types	  of	  questions,	  if	  any,	  did	  the	  students	  ask	  throughout	  the	  project?	  
	  
EECS3:	  
Limited,	   they	   had	   full	   scope	   to	   ask	   as	   many	   questions	   as	   they	   wanted	   to,	   and	  
generally	  they	  saw	  the	  technology	  partners	  as	  being	  technical	  people	  and	  therefore	  
ask	  questions	  about	  the	  technology.	  So,	  if	  say	  a	  student	  was	  designing	  some	  kind	  of	  
foot	  wear,	   they	  would	   then	   be	   asking	  me	   about	   the	   capacity	   of	   resistance	   of	   the	  
material	  that	  they	  are	  designing	  to	  go	  in	  shoes	  ‘I	  want	  to	  use	  an	  elastomer,	  will	  your	  
technology	   flex?’,	   that	  would	  be	   the	  sort	  of	  question.	  So,	  my	  opinion	  about	   it	  was	  
that	  they	  didn’t	  ask	  anywhere	  near	  enough	  questions	  in	  terms	  of	  quantity,	  and	  any	  
of	  their	  questions	  they	  could	  have	  been	  much	  more	  in-­‐depth.	  But	  we’re	  looking	  at	  a	  
six	   to	   seven	  week	  project,	   and	   there	   really	  was	   a	   small	  window	  of	  maybe	   a	  week	  
where	  the	  students	  would	  have	  had	  probably	  more	  questions,	  but	  that	  was	  the	  week	  
when	  we	  couldn’t	  actually	  speak	  to	  anyone,	  most	  of	  the	  technology	  people	  weren’t	  
available	  that	  week.	  So	  we	  were	  tempted	  to	  ask	  to	  have	  that	  session	  a	  week	  later,	  by	  
which	  point	  they	  would	  have	  got	  so	  far	  down	  the	  route	  developing	  their	  ideas	  that	  I	  
think	  they	  were	  like	  ‘I	  don’t	  want	  to	  know	  any	  problems,	  I	  don’t	  want	  to	  know	  what	  I	  
can’t	   do	   because	   I	   won’t	   be	   able	   to	   finish	   my	   project’.	   So	   if	   there’s	   any	   deeper	  
insights	  than	  that	  was	  the	  relevance	  of	  information	  at	  the	  right	  time,	  and	  how	  well	  
prepared	  students	  are	  in	  terms	  of	  knowing	  how	  to	  ask	  questions,	  and	  knowing	  how	  
to	   engage	   with	   people	   in	   such	   a	   way	   that	   they	   created	   an	   open	   relationship,	  
whereby	   they	   could	   talk	   to	   the	   technology	   guys	   at	   any	   time.	   You	  want	   to	   build	   a	  
rapport	  whereby	  you	  can	  know	  full	  well	  that	  you	  can	  just	  pick	  up	  a	  Skype	  call	  and	  say	  
‘can	   I	   just	  have	  two	  minutes	  of	  your	  time	  to	  ask	  a	  specific	  question?’.	   I	  don’t	  think	  
the	   students	   felt	   comfortable	  doing	   that.	   So	   the	   communication	  was	  more	   limited	  
than	  I	  would	  have	  liked	  it	  to	  have	  been,	  but	  I	  understand	  the	  pressures	  they’re	  under	  
to	  deliver	  the	  work	  for	  the	  curriculum.	  
	  
Interviewer:	  
So	   did	   they	   ask,	   were	   they	   more	   inclined	   to	   ask	   yourselves	   as	   the	   educators	  
questions?	  	  
	  
EECS3:	  
(Nods)	   which	   I	   may	   or	   may	   not	   know	   the	   answer,	   by	   running	   the	   workshop	   I	  
probably	  did,	  and	  I	  don’t	  know	  how	  you	  find	  it	  with	  studying,	  but	  I’m	  very	  wary	  that	  
suddenly	  you	  become	  a	  figurehead	  and	  a	  focus	  for	  students,	  to	  then	  just	  ask	  you	  the	  
question.	  It’s…I	  was	  going	  to	  use	  the	  word	  ‘laziness’,	  it’s	  not	  laziness,	  its	  efficiency,	  ‘if	  
I	  have	  to	  set	  up	  a	  call,	  and	  speak	  to	  someone	  I	  don’t	  know,	  who	  may	  not	  be	  there	  for	  
three	  or	   four	  days,	  or	   I	  can	  turn	  to	   [EECS3’s	  name]	  and	  ask	  him	  the	  question	  now’	  
they’re	   obviously	   going	   to	   go	   for	   the	   latter.	   So	   what	   can	   I	   do?...make	  myself	   not	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available?...mmm	  doesn’t	  help.	  So,	  it’s	  a	  fine	  line,	  if	  I	  make	  myself	  not	  available,	  they	  
might	  go	  down	  the	  right	  route	  of	  asking	  the	  right	  questions	  to	  the	  right	  people,	  but	  if	  
that	  takes	  too	  long,	  then	  it	  holds	  up	  their	  project	  and	  they	  then	  complain	  that	  they	  
didn’t	   get	   the	   information	   that	   they	   need;	   so	   I’m	   trying	   to	   do	   a	   balancing	   act	  
between	   giving	   positive	   encouragement	   and	   guidance	   on	   a	   day	   to	   day	   basis,	  with	  
encouraging	  them	  to	  go	  to	  the	  primary	  source	  and	  get	  all	  the	  information	  that	  they	  
need.	  	  
	  
Interviewer:	  
Q8.	   Were	   there	   any	   barriers	   encountered	   during	   the	   communication	   of	   printed	  
electronics	  technology	  to	  designers?	  
	  
EECS3:	  
Yeah,	  this	  would	  probably	  be	  the	  crux	  of	  your	  project.	  I’ve	  worked	  with	  technology	  
businesses	  for	  years,	  in	  fact	  I	  was	  having	  a	  conversation	  with	  someone	  just	  the	  other	  
day,	  who	  want	  a	   real	  high-­‐level	  chief	   technology	  officer	   in	   their	  business,	  and	   that	  
chief	   technology	   officer	   has	   to	   have	   an	   electrical	   engineering	   expertise,	   because	  
they’re	   saying	  as	  a	   company	   they	  are	  making	  electronic	  products.	  Now	   to	  me,	   the	  
reason	  I	  went	  back	  to	  them	  straight	  away	  with	  more	  pitch	  was	  to	  say	  ‘that	  isn’t	  what	  
you	  want	   to	   be	   doing,	   you	   don’t	  want	   a	   CTO,	   you	  want	   a	   CDO,	   you	  want	   a	   chief	  
design	  officer.	  Because	  I’ve	  been	  here	  long	  enough	  to	  know	  that	  when	  I	  started,	  my	  
nemesis	  was	  an	  engineer;	  I	  want	  to	  make	  this	  amazing	  thing,	  but	  engineering	  won’t	  
make	   it	   because	   it’s	   too	   costly,	   too	   complicated,	   uses	   materials	   that	   I’m	   not	  
prepared	   to	   opt	   for’	   so	   you	   build	   a	   relationship	   over	   the	   years,	   to	   find	   people	   to	  
work	  with	  and	  suddenly	  it	  just	  happens.	  	  
With	   technology	  nowadays,	   tends	   to	  be	  digital	   but	   there’s	   still	   that	  mentality	   that	  
‘we	  can	  do	  it,	  so	  we’ll	  do	  it’,	  what	  are	  we	  doing	  it	  for?	  ...	  ‘don’t	  know.	  But	  we’ve	  got	  
it,	  so	  we’re	  going	  to	  do	  something	  with	   it’.	  So	  this	  desire	  to	   launch	  stuff	  over-­‐rides	  
the	   reason	   why	   you	   should	   launch	   it.	   So	   in	   terms	   of	   communication	   about	   the	  
technology	  from	  the	  partners,	  they	  were	  very	  very	  good	  at	  telling	  us	  these	  amazing	  
things	   printing	   technology	   did.	   But	   to	   give	   a	   specific	   example,	   there	   was	   one	  
technology	   which	   was	   actually	   printed	   in	   three	   dimensions,	   and	   yet	   they	   weren’t	  
talking	  about	  it,	  they	  showed	  it,	  and	  we	  went:	  	  
	  
[Designers]	  ‘ooo	  what’s	  that?	  That’s	  amazing’	  
[Technologists]	  ‘oh	  yeah,	  we	  can	  3D	  print,	  we	  can	  print	  in	  three	  dimensions’	  
[Designers]	  ‘ooo,	  well	  how	  big	  can	  you	  go?’	  
[Technologists]	  ‘ooh	  it’s	  really	  difficult,	  it’s	  really	  hard	  to	  make	  it	  happen,	  so	  it’s	  very	  
very	  limited’	  
[Designers]	   ‘but	  you	  can	  print	   in	  3D!	   It	   is	  not	   just	  a	  one	  dimensional	  print	  that	  you	  
can	   then	   fold,	   you	   are	   physically	   creating	   a	  machine	   that	   can	   print	   in	   these	   three	  
dimensions’	  
[Technologists]	  ‘Yeah…’	  
	  
And	  they	  didn’t	  see	  that	  had	  any	  value	  because	  they	  couldn’t	  think	  of	  anything	  that	  
needed	  that.	  So,	  they’ve	  always	  come	  at	  it	  from	  ‘we	  have	  this	  technology,	  and	  it	  has	  
	   552	  
this	   advantage	   because	   it’s	   lighter,	   or	   more	   flexible,	   can	   sit	   on	   transparent	  
backgrounds,	  doesn’t	  get	  effected	  by	  heat,	  or	  doesn’t	  need	  any	  heat	  for	  the	  process,	  
and	  therefore	  you	  can	  use	   it	  on	  different	  materials’.	  These	  were	  all	  very	  functional	  
reasons	   why	   the	   technology	   was	   great,	   but	   I	   don’t	   think	   any	   of	   the	   technology	  
partners	  would	   say	  anything	   like	   ‘well,	  because	   it’s	  more	  hygienic’,	   they	  didn’t	   get	  
that	  user	  focussed	   intension.	  The	  fact	  that	  you	  could	  get,	   they	  could	  show	  you	  the	  
microscopic	  level	  of	  detail,	  but	  the	  quality	  of	  the	  printing	  as	  this	  tiny	  tiny	  resolution,	  
but	  no	  idea	  that	  making	  that	  small	  could	  open	  up	  possibilities	  in	  markets	  they	  hadn’t	  
thought	  of	  before.	  They	  just	  saw	  it	  as	  ‘what	  could	  be	  done’	  not	  ‘how	  you	  could	  apply	  
that	   technology’,	   which	   the	   role	   of	   the	   designer,	   to	   certain	   degrees,	   is	   about	  
ensuring	   that	   technology	  can	  be	  applied.	   In	   the	   ideal	  world,	   it’s	   finding	  a	  need	   for	  
something,	  and	  then	  finding	  the	  technology	  to	  solve	  that	  need.	  So	  we	  were	  sort	  of,	  
at	   the	   same	   time	   taking	   these	   guys	   through	   the	   process	   of	   saying	   ‘we	   love	   that	  
printed	   3D	   technology	   you	   have,	   and	   you	   weren’t	   particularly	   interested	   in	  
developing	  it,	  but	  we’ve	  found	  a	  specific	  application,	  we’ve	  found	  a	  specific	  need	  out	  
there	  where	  the	  application	  could	  work,	  would	  you	  be	   interested?’.	  So	  we,	   I	  hope,	  
that	  we	  helped	  build	  their,	  the	  technology	  partners’	  awareness	  of	  wider	  potential,	  as	  
well	  as	  delivering	  the	  functional	  benefits	  of	  the	  technology	  they	  have.	  	  
	  
Interviewer:	  
That	   printing	   in	   the	   three	   dimensions,	   was	   that	   one	   of	   the	   companies	   that	   was	  
published?	  
	  
EECS3:	  
Yeah,	  which	  one	  it	  was,	  it	  could	  have	  been	  CPL,	  CTI?	  I	  can’t	  remember	  which	  one	  it	  
was	  off	  the	  top	  of	  my	  head.	  But	  it	   is	  basically	  a	  drum,	  and	  then	  this	  thing,	  not	  only	  
could	  it	  go	  round	  the	  outside	  and	  print,	  but	  it	  could	  also	  go	  on	  the	  inside,	  print	  inside	  
something.	  So	  you	  could	  have	  like	  at	  least	  a	  hemisphere	  that	  had	  technology	  printed	  
inside	   it;	  again,	  why	  would	  you	  want	   to	  do	   that?	  They	  can	  do	   it,	   they	  had	  no	   idea	  
why	   anyone	   would	   want	   that.	   So	   our	   task	   was	   to	   find	   out	   ‘why	   would	   you	   need	  
technology	  printed	  inside	  something?’,	  so	  a	  few	  of	  the	  ideas	  worked	  around	  that.	  	  
So	  the	  question,	  back	  to	  your	  point,	  was	  some	  of	  the	  questions	  they’d	  ask	  were	  ‘how	  
feasible	   is	   it?	  What	   are	   the	   radius	   you	   can	   print	   around?’	   you	   know,	   some	  of	   the	  
limitations	  that	  some	  of	  the	  technology	  might	  have.	  
	  
Interviewer:	  
Q9.	   What	   were	   the	   outputs	   from	   the	   projects	   –	   product	   designs,	   functional	  
prototypes,	  concepts,	  viable	  products?	  
	  
EECS3:	  
Generally,	   they	  wanted	   a	   prototype,	   the	   client	   definitely	  wanted	   a	   prototype.	  We	  
made	  it	  clear	  at	  the	  beginning	  that	  the	  timescale	  we	  have,	  that	  we	  aren’t	  developers,	  
we’re	   not	   technology	   developers,	   and	   that	  we	  wouldn’t	   end	   up	   having	   a	  working	  
prototype.	  We	  made	  it	  clear	  as	  well	  that	  whatever	  they	  want	  to	  do,	  they’re	  going	  to	  
have	   to	   pay	   a	   development	   company	   some	  money	   to	  make,	   whatever	   ideas	   they	  
went	   with,	   they’d	   have	   to	   pay	   someone	   else	   to	   make	   them	   happen.	   So,	   is	   it	   a	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concept?	   Is	   it	   a	   developed	   idea?	   I’d	   put	   it	   at	   the	   point	   where	   it	   was	   a	   fairly	   well	  
developed	   product	   idea,	   because	   they	   delivered	   it	   as	   a	   CAD	  model,	   because	   they	  
delivered	  a	  clear	  visual,	  and	  because	  they	  delivered	  their	  story	  board	  and	  the	  reason	  
for	  the	  product,	  you	  could	  almost	  say	   it	  was	  enough	  for	  someone	  to	  go	  ahead	  and	  
manufacture.	  You	  would	  have	  to	  go	  through	  the	  full	  development	  stage;	  we	  couldn’t	  
do	  the	  full	  development	  on	  it.	  Some	  of	  the	  student’s	  whose	  work	  they	  selected	  have	  
stayed	  in	  touch,	  to	  help	  explain	  what	  they	  were	  trying	  to	  do	  through	  their	  process,	  
but	  generally,	  we	  handed	  over	  at	  the	  end	  of	  the	  project	  and	  then	  allowed	  the	  clients	  
to	  then	  decide	  how	  they	  wanted	  to	  take	  it	  forwards.	  Although	  one	  or	  two	  prototypes	  
did	  actually	  work,	  but	  that’s	  just	  because	  the	  individual	  students	  put	  the	  time	  in	  to	  
do	   stuff	   they	   weren’t	   expected	   to	   do,	   and	   the	   general	   end	   deliverable	   was	   the	  
visuals	  and	  a	  model,	  the	  model	  was	  important,	  it	  seemed	  to	  make	  a	  big	  difference.	  
	  
Interviewer:	  
Q10.	  As	  an	  educator,	  what	  are	  your	  reflections	  on	  the	  printed	  electronics	  project	  in	  
this	  educational	  context?	  
	  
EECS3:	  
I	  would	  probably	  change	  the	  way	  I	  approached	  a	  technology	  product	  again,	  but	  if	  we	  
were	  to	  run	  a	  similar	  one	  again,	  I	  would	  probably	  alter	  it	  slightly.	  It’s	  an	  interesting	  
one	  because	  it’s	  one	  of	  those	  challenges	  where	  some	  of	  the	  students	  didn’t	  engage	  
brilliantly	  with	  the	  brief,	  but	  once	  I’d	  spent	  some	  time	  with	  them	  on	  it,	  they	  got	  it.	  It	  
was	  a	  complicated	  brief,	  or	  a	  more	  complicated	  brief	  than	  some	  of	  the	  others.	  One	  
of	   the	   other	   projects	  was	   to	   design	   a	   toy	   that’s	  more	   sustainable,	   so	   already	   you	  
know	  it’s	  a	  toy,	  you	  already	  know	  it’s	  going	  to	  be	  about	  efficiencies	  in	  manufacture,	  
and	  materials	   and	  everything	   else.	   But	  when	   you’re	   being	   told	   ‘we	  want	   to	   find	   a	  
reason	  for	  this	  technology’	  it’s	  such	  an	  open	  brief,	  that	  some	  of	  the	  students	  didn’t	  
really	  connect	  with	  it	  immediately,	  so	  when	  it	  came	  to	  the	  choices	  they	  made,	  there	  
was	   some	   very	   very	   talented	   students	   that	  would	   have	   done	   a	   great	   project	   that	  
didn’t	  engage	  with	  it,	  they	  wanted	  to	  get	  on	  with	  something	  quite	  specific.	  But	  at	  the	  
end	  of	  the	  project,	  the	  guys	  who	  were	  on	  this	  project,	  the	  students	  that	  were	  on	  it,	  
really	   enjoyed	   it,	   because	   they	   suddenly	   realised	   that	   there	   was	   so	   many	   other	  
potentials	   that	  one	   technology	   can	  provide.	   If	   they	  do	   the	   correct	  design	   thinking,	  
then	  they	  can	  see	  how	  technology	  can	  be	  applied	  to	  so	  many	  different	  markets,	  so	  it	  
was	  also,	  I	  think,	  one	  of	  the	  more	  successful	  projects	  in	  terms	  of	  the	  outcomes.	  But	  
the	   clients	   certainly	   seemed	   very	   happy,	   they	   ended	   up	   choosing	   four,	   they	  were	  
only	   going	   to	   choose	   one,	   but	   they	   chose	   four,	   and	   those	   four	   students	   all	   did	  
exceptional	  work,	  they	  really	  did	  some	  really	  beautiful	   insightful	  work	  that	  perhaps	  
the	  brief	  around	  a	  sustainable	  toy	  wouldn’t	  have	  brought	  out	  of	  them.	  So	  I	  think	  it	  
was	  the	  hardest	  one	  to	  brief,	  but	  as	  with,	  quite	  often,	  the	  toughest	  challenges	  bring	  
out	  the	  best	  results.	  
	  
	  
Interviewer:	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Q11.	  At	  the	  end	  of	  the	  printed	  electronics	  project,	  did	  the	  design	  students	  fill	  out	  
any	  feedback	  forms?	  Or	  did	  you	  record	  any	  feedback/comments	  from	  them?	  in	  any	  
way?	  	  
	  
EECS3:	  
I’m	  trying	  to	  remember	   if	  we	  did	  feedback	  forms	  on	  all	  of	  them,	  we	  do,	  on	  certain	  
projects	  we	  do	  give	  the	  students	  feedback	  forms	  and	  the	  main	  purpose	  there	  is	  for	  
them	   to	   feedback	   on	   each	   other’s.	   So,	   we	   separated	   off	   the	   client	   presentations	  
from	   their	   presentations	   to	   us	   as	   lecturers,	   I	   didn’t	  want	   the	   students	   to	   feel	   the	  
pressure	   of	   having	   to	   present	   to	   a	   client	   at	   the	   same	   time	   as	   having	   to	   get	   their	  
grades;	  it	  twists	  things,	  it	  doesn’t	  give	  a,	  you	  know	  if	  another	  project	  doesn’t	  have	  a	  
client	  come	  in,	  then	  it’s	  unfair.	  But	  all	  the	  actual	  assessments	  were	  done	  in	  the	  same	  
format.	  
You’ll	  have	  to	  repeat	  the	  question	  again.	  
	  
Interviewer:	  
(Repeats	  question	  11)	  
	  
EECS3:	  
They	  also	  get	   feedback	  on	   their	  projects,	  both	  an	  online	   feedback,	  but	  also	  one	   to	  
one,	   their	   one	   to	   one	   academic	   tutorials.	   So	   after	   that	   unit	   they	   have	   immediate,	  
within	  a	  few	  days	  they	  have	  feedback,	  we	  give	  them	  feedback	  in	  their	  session,	  and	  
we	  then	  give	  them	  grades	   feedback,	  so	  by	  the	  end	  of	   the	  whole	  thing	  they	  have	  a	  
one	  to	  one	  academic	  tutorial	  which	  then	  gives	  feedback	  about	  their	  performance	  in	  
general,	  their	  academic	  performance,	  that	  tends	  to	  relate	  to	  the	  project	  they’ve	  run.	  
On	   top	   of	   that,	   on	  Monday	  meetings	   that	   I	   would	   have	  with	   all	   the	   students,	   I’d	  
simply	  tell	  them	  about	  the	  week	  before,	  and	  although	  this	  doesn’t	  happen	  regularly,	  
and	   I	   know	   because	   I	   did	   actually	   answer	   the	  whole	   group,	  when	   the	   project	   has	  
finished	  I	  said	  to	  them	  ‘would	  you	  be	  interested	  in	  seeing	  what	  everybody	  else	  has	  
been	  doing?’,	  they	  were	  ‘yeah’.	  I	  asked	  them	  if	  they	  had	  ever	  done	  that	  before	  and	  
the	  answer	  was	  ‘no’,	  so	  at	  no	  point	  had	  the	  whole	  group	  actually	  shared	  each	  other’s	  
work	  with	  each	  other.	   I	   think	  they	  were	  waiting	  for	  permission.	  So	  I	  okayed	  it	  with	  
the	  whole	   group,	   saying	   ‘are	   you	  happy	   for	  me	   to	  present	   your	  work	   to	   everyone	  
else?’,	  one	  person	  wasn’t	  and	  said	  ‘I’d	  rather	  you	  didn’t,	  if	  you	  don’t	  mind’,	  so	  I	  just	  
didn’t	   include	   that	   person’s	   work.	   So	   what	   they	   then	   got,	   I	   then	   basically	   went	  
through	  a	  hundred	  pages	  of	  the	  main	  image	  of	  every	  single	  students	  work,	  and	  just	  
quickly	  said,	  and	  I	  put	  alongside	  who’s	  work	  it	  was,	  cleared	  that	  with	  them	  as	  well,	  
and	  then	  didn’t	  say	  what	  their	  grades	  were,	  but	  simply	  said	   ‘right,	  this	  project	  was	  
about,	   this	  was	   the	   technology	  project,	  and	   let’s	   say,	   this	  person’s	   solution	  was	   to	  
deliver	   all	   of	   the	   technologies	   in	   one	   package	   that’s	   easy	   to	   understand.	   And	   this	  
person’s	   technology	   package	   was	   to	   deliver,	   there	   was	   particular	   technologies	  
around	   measuring	   temperature,	   and	   this	   was	   a	   product	   that	   was	   measuring	  
temperature	  in	  this	  environment’.	  So	  I	  basically	  overviewed	  every	  single	  work	  in	  the	  
space	  of	   no	  more	   than	   five	   seconds	   and	  went	   through	  every	   single	  one,	   and	   then	  
asked	   if	   there	   was	   anything	   that	   they	   would	   like	   to	   revisit.	   I	   could	   have	   taken	   it	  
further,	  which	  was	  then	  to	  give	  them	  the	  chance	  to	  all	  vote	  for	  the	  ones	  they	  really	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liked,	  so	  they	  can	  get	  more	  feedback,	  as	  peer	  feedback,	  but	  there	  wasn’t	  really	  much	  
time	  and	  I	  think	  we	  would	  have	  ended	  up	  with	  pretty	  much	  sort	  of	  probably	  if	  I	  gave	  
them	  all	  five	  votes,	  I	  think	  every	  single	  one	  would	  have	  got	  five	  votes,	  so	  I	  don’t	  think	  
it	  would	  have	  given	  them	  any	  real	  additional	  feedback	  other	  than	  the	  person’s	  work,	  
to	  say	  ‘ooo	  these	  are	  the	  same	  five	  colours’,	  ‘ooo	  I’m	  glad	  you	  really	  like	  my	  work’,	  
I’m	  not	   sure	   if	   there	  was	   any	   value	   in	   taking	   it	   any	   further.	   But	   certainly	   they	   got	  
academic	  feedback,	  they	  had	  their	  assessment	  feedback,	  they	  gained	  feedback	  from	  
me	  about	  all	  the	  different	  projects,	  and	  I	  also	  emailed	  them	  all	  with	  feedback	  online	  
as	  to	  why	  they	  selected	  the	  ones	  they	  selected.	  
	  
Interviewer:	  
Part	  of	  question	  11:	  What	  were	  the	  students’	  experiences	  of	  the	  printed	  electronics	  
project?	  
	  
EECS3:	  
That’s	   one	   of	   those	   things	   where	   you	   would	   almost	   need	   to	   email	   the	   all	   of	   the	  
students.	  The	  overall	  impression	  that	  I	  get	  from,	  I	  was	  lucky,	  the	  students	  that	  year,	  
it	  was	   the	   first	   time	   I’d	  ever	   taught	  and	  they	  were	  such	  a	  great	  bunch	  that	   I	  could	  
talk	   to	   them	  very	  openly	   at	   any	   time,	   and	   they	  were	   very	   very	   good	  at	   telling	  me	  
how	  they	  felt	  at	  any	  time.	  So	  I	  got	  a	  very	  broad	  sweep	  across	  what	  I	  think	  the	  group	  
felt,	  individually	  it’s	  a	  different	  matter,	  generally	  their	  experiences	  were:	  hard	  to	  get	  
to	  grips	  with	  the	  brief,	  difficult	  first	  two	  weeks	  to	  focus	  down	  and	  find	  a	  way	  to	  get	  
enough	   insights	   to	   understand	  where	   to	   focus	   their	   efforts,	   hard	   to	   relate	   to	   the	  
technologies	  and	  the	  functional	  benefits	  of	  the	  technologies;	  so	  those	  tend	  to	  be	  the	  
negatives.	   The	   positives	   were	   the	   fact	   that,	   I’m	   trying	   to	   think	   of	   the	   individual	  
comments,	  that	  it	  showed	  how	  technology	  is	  not	  a	  goal	  in	  itself,	  and	  I	  think	  it	  really	  
gave	  the	  students	  the	  ability	  to	  understand	  that	  a	  user	  centred	  design	  process	  really	  
helps	  you	  have	  an	  advantage	   in	  a	  business,	   to	  be	  able	   to	   see	  outside	   the	  business	  
and	  drive	  design	  as	  the	  initiator	  of	  a	  series	  of	  parts	  of	  the	  business	  come	  together	  to	  
deliver	  technical	  solutions.	  The	  main	  purpose	  of	  the	  project	  was	  to	  get	  them,	  all	  of	  
the	  students,	  out	  of	  their	  own	  thinking	  and	   into	  the	  minds	  of	  other	  people.	  So	  the	  
other	   thing	   that	   they	  mentioned	   that	   they	  hadn’t	   understood	  how	  difficult	   it	   is	   to	  
relate	   to,	   say,	  a	   technology	  person;	   they’re	  so	  busy	  being	  creative,	   they	   forgot	   the	  
people	  out	  there	  who	  don’t	  see	  themselves	  as	  creative.	  That	  aside,	   I	  don’t	  agree,	   I	  
think	  everyone’s	  creative,	  it’s	  just	  some	  people	  feel	  more	  confident	  with	  expressing	  
their	   thoughts.	  And	   technical	  guys	   tend	   to	   say	  how	   ‘I’m	  mathematical,	   I	   get	   it,	   I’m	  
rational,	  I’m	  not	  creative’,	  yes	  they	  are,	  accountants	  are	  creative,	  so	  you	  can	  tell	  with	  
people	   like	  Gary	   Barlow.	   So	   the	   point	   here	   is	   that	   the	   perspectives	   that	   someone	  
starts	  with,	  the	  angle	  that	  someone	  comes	  from,	  as	  the	  technology	  guys	  is	  different	  
to	   the	   perspective	   the	   designer	   comes	   from,	   and	   all	   of	   them	   have	   at	   least	  
understood	  that	  technical	  guys	  have	  a	  very	  clear	  angle	  on	  things,	  and	  that	  their	  task	  
is	  to	  decode	  their	  answers	  to	  understand	  what	  it	  means	  from	  the	  user’s	  perspective.	  
I	  hope	  that	  was,	  perhaps,	  why	  the	  technical	  project	  was	  one	  of	  the	  tougher	  ones,	  the	  
most	  challenging	  is	  because	  the	  students	  had	  to	  actually	  not	  only	  get	  into	  someone	  
else’s	  mind-­‐set,	  but	  they	  actually	  had	  to	  define	  who	  that	  person	  was	  to	  start	  with.	  
They	  couldn’t	  say	  it	  was	  a	  25	  year	  old,	  who’s	  interested	  in	  music,	  they	  couldn’t	  start	  
that	  point	  and	   therefore	   identify	  with	   it,	   they	  had	   to	  actually	  define	   that	  group	   to	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start	  with,	  so	  it	  just	  made	  it	  tougher.	  As	  for	  the	  feedback,	  ‘it	  was	  a	  tough	  project,	  but	  
I	  really	  enjoyed	  it’	  that	  tended	  to	  be	  the	  common	  one.	  Very	  very	  wide	  isn’t	  it!	  
	  
Interviewer:	  
Q12.	   What	   were	   the	   overall	   intended	   outcomes	   from	   the	   printed	   electronics	  
project	   from	   both	   the	   researcher’s/companies’	   perspective	   and	   the	   educator’s	  
perspective?	  	  
	  
EECS3:	  
The	  educator’s	  perspective	  was	  straight	   forward,	  so	   it’s	   the	  same	  point,	   I	  need	  the	  
students	  to	  stop	  thinking	  about	  themselves,	  and	  get	   into	  someone	  else’s	  mind-­‐set,	  
to	  understand	  how	  other	  people	  think;	  and	  then	  to	  deliver	  those	  learning	  outcomes.	  
From	   the	   client	   perspective,	   the	   technology	  partners,	   their	   goal	  was	   to	   be	   able	   to	  
identify	  a	  product	  that	  they	  can	  make	  that	  would	  sell	  to	  a	  particular	  sector.	  To	  our	  
direct	   client,	  who	  was	   the	   organiser	   of	   all	   these	   different	   technologies,	  was	   to	   be	  
able	  to	  deliver	  a	  product	  that	  would	  be	  in	  the,	  I	  guess	  the	  consensus	  amongst	  many	  
different	   people,	   no	   I’ll	   be	   clearer	   than	   that,	   a	   product	   that	   they	   could	   take	   to	   a	  
range	  of	  businesses	  to	  showcase	  how	  those	  technologies	  would	  add	  an	  advantage	  to	  
that	  business.	  So	  that	  was	  the	  main	  focus,	   ‘how	  can	  we	  better	  communicate	  those	  
technologies?’.	  	  
The	   thing	   we	   were	   given	   was	   a	   suitcase,	   the	   plastic	   case	   that	   would	   have	   like	   a	  
printed	   technology	   where	   when	   you	   pressed	   it,	   it	   would	   light	   up	   an	   LED,	   so	   the	  
pressure	  sensitivity	  was	  the	  interesting	  thing	  and	  it	  lit	  an	  LED.	  Now	  if	  you	  then	  have	  a	  
box	  of	  all	  these	  printed	  things,	  so	  then	  another	  one	  you	  just	  plug	  in	  the	  connector	  at	  
the	  end	  and	  it	  would	  light	  up	  a	  display,	  a	  flexible	  display.	  These	  were	  all	  just	  ‘things’,	  
and	   then	   it	   goes	   back	   to	   my	   days	   when	   I	   was	   working	   for	   Samsung,	   we	   used	   to	  
design	  mobile	  phones,	  and	  invariably	  we’d	  create	  about	  150	  different	  concepts,	  and	  
then	   the	  marketing	   teams	  would	   take	   these	  products	   to	   the	   service	  providers,	   the	  
Vodaphone,	   the	  EE’s	  of	   this	  world,	   and	   show	   them	   these	  products	   and	   say	   ‘which	  
ones	  would	   you	   like?’.	   And	   of	   course	   people	   like	   Carphone	  Warehouse	  would	   say	  
‘well	   I	   don’t	   know	  what	   that’s	   got,	   I	   don’t	   like	   any	   of	   them	  because	   I	   don’t	   know	  
what	   any	   of	   these	   do.	   That’s	   lovely	   but	   I	   don’t	   know	   what	   it	   does.	   What’s	   it’s	  
features?	  Why	  is	  it	  of	  benefit?	  Is	  that	  a	  big	  screen?	  Small	  screen?’.	  They	  had	  all	  these	  
different	   questions,	   so	   when	   we	   started	   this	   project,	   I	   reflected	   on	   the	   fact	   that	  
delivering	  a	  suitcase	  with	  lots	  of	  ideas	  does	  not	  engage	  with	  your	  client.	  It’s	  the	  same	  
process,	   from	   the	   university	   perspective,	   we	   were	   designing	   the	   products	   that	  
people	   could	   then	   take	   to	   a	   targeted	   customer	   that	   would	   make	   sense	   of	   a	  
technology	   that	  had	  been	  built	   into	   that	  product,	   rather	   than	   just	   taking	  a	   load	  of	  
technologies	  and	  saying	  ‘we’ve	  got	  a	  lot,	  what	  would	  you	  like?’.	  What	  it	  required	  was	  
the	  customer	  would	  say	  ‘you	  know,	  oh	  we’ve	  got	  a	  real	  problem	  with	  displays,	  we’d	  
really	  like	  your	  printed	  technology’	  they	  wouldn’t	  think	  that	  way,	  so	  from	  the	  client’s	  
perspective,	   what	   they	   got	   was	   ultimately	   something	   that	   was	   a	   beautiful	   object,	  
that	  helped	  to	  communicate…	  
	  
(Interruption,	   as	   room	  was	   booked	   by	   somebody	   else,	   so	   had	   to	  move	   rooms	   and	  
then	  call	  back.)	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EECS3:	  
Remind	  me,	  where	  were	  we?	  
	  
Interviewer:	  
(Repeated	  question	  12)	  
	  
EECS3:	  
So	  I’m	  going	  to	  do	  a	  summary	  on	  this,	  from	  our	  perspective	  it	  was	  clearly	  being	  able	  
to	  create	  a	  series	  of,	  for	  each	  of	  the	  students	  to	  create	  a	  three	  dimensional	  product	  
that	   related	   to	   a	  particular	   sector	  of	   their	   definition	   that	   showed	   the	   value	  of	   the	  
technology.	  From	  the	  technology	  partner’s	  perspective	  it	  was	  seeing	  a	  range	  of	  ideas	  
of	   where	   they	   could	   potentially	   pitch	   their	   technology,	   and	   the	   main	   client’s	  
perspective	  it	  was	  delivering	  the	  benefits	  of	  those	  technologies	  into	  specific	  products	  
in	  certain	  sectors	  whereby	  they	  could	  take	  this	  thing	  around	  and,	  we’ll	  leave	  it	  with,	  
potential	  purchases	  of	  those	  technologies.	  
	  
Interviewer:	  
Q13.	  Do	  you	  feel	  that	  projects	  like	  this	  translate	  well	  into	  an	  educational	  content?	  
	  
EECS3:	  
I	  suppose	  it	  depends	  on	  the	  educational	  establishment,	  we	  could	  easily	  have	  made	  
this	   a	   very	   very	   technical	   project,	   it	  would	  have	  been,	   for	   some	   students	   it	  would	  
have	   been	   ideal	   to	   be	   able	   to	   get	   to	   the	   nitty	   gritty	   of	   the	   technology	   and	   start	  
prototyping	  up	  the	  series	  of	  PCBs	  to	  show	  how	  something	  would	  work	  in	  a	  particular	  
product	  solution.	  But	  because	  of	  our	  particular	  perspective,	  we	  wanted	  it	  to	  broaden	  
the	  approach	  of	  students	  to	  have	  a	  wider	  view	  of	  how	  design	  impacts	  upon	  business.	  
So	  I	  think	  it	  was	  effective…did	  it	  benefit	  the	  establishment?...	  good	  cachet	  attached	  
to	  the	  client,	  they	  kept	  us	  involved	  in	  conferences	  that	  they’re	  doing.	  I’d	  like	  to	  take	  
it	   further,	   but	   it’s	   just	   matter	   of	   time,	   having	   the	   resource	   to	   be	   able	   to	   spend,	  
keeping	   in	   touch,	   and	  keeping	   running	  projects	  with	  people.	  But	   it	  was	   certainly	  a	  
very	  good	  project,	  and	  very	  enjoyable,	  and	  the	  guys	  were	  a	  great	  bunch	  of	  guys.	  
	  
Interviewer:	  
Q14.	  Are	  there	  any	  aspects	  about	  the	  education	  of	  designers	  on	  printed	  electronics	  
that	  you	  feel	  have	  not	  been	  covered	  in	  this	  interview?	  	  
	  
EECS3:	  
I	  don’t	  think	  so,	  the	  only	  thing	  that’s	  going	  through	  my	  brain	  is	  whether	  or	  not	  our	  
curriculum	   provides	   the	   students	   with	   enough	   electronics	   understanding	   to	  
maximise	   their	   ability	   to	   realise	   the	   solutions.	   I	   think	   if	   they	   had	   a	   really	   strong	  
electronic	   background,	   then	   they	   could	   probably	   have	   made	   something	   more	  
amazing…	  but	  that	  would	  require	  them	  to	  be	  quite,	  to	  be	  masters	  of	  two	  particular	  
skills:	  electronic	  engineering,	  and	  user	  centred	  design	  process;	  and	  in	  reality,	  we’re	  
not	   teaching	  electronic	   engineering.	   So	   if	   there	  was	  anything	   that	   came	   from	   this,	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that	   if	   they	   did	   already	   have	   backgrounds	   in	   engineering,	   and	   then	   decided	   they	  
wanted	   to	  become	  a	  designer,	   then	   this	  would	  have	  been	   the	  perfect	  project,	  but	  
most	   people	   come	   here	   wanting	   to	   be	   designers,	   and	   therefore	   don’t	   have	   that,	  
maybe	   the	   technical	   background.	   I	   did	   find	   it,	   the	   first	   time	   in	   my	   life	   that	   I’ve	  
actually	   found	   a	   Physics	   A-­‐level	   to	   be	   useful!	   Because	   it	   really	   was	  mathematical,	  
number	  crunching,	  materials	  limitations,	  that	  I	  think	  if	  you	  hadn’t	  studied	  a	  science,	  
would	   just	   be	   a	   bit	   overwhelming.	   So	   one	  or	   two	  of	   the	   students	  were	   a	   little	   bit	  
overwhelmed	  with,	  they	  kept	  saying	  ‘but	  I	  don’t	  understand	  it,	  I	  don’t	  understand	  it’,	  
I	  had	  to	  keep	  saying,	   it	  was	  probably	  four	  or	  five	  of	  them,	   ‘it	  doesn’t	  matter	  about	  
understanding	  the	  technology,	  what	  matters	  is	  that	  you	  understand	  the	  benefits	  of	  
the	  technology.	  What	  can	   it	  do	  for	  someone?	  And	  that’s	  your	  responsibility	  to	  find	  
the	  scenarios	  and	  find	  if	  those	  technologies	  can	  do	  something’.	  So	  I	  would	  say	  that,	  
that	  was	  the	  hardest	  bit	  to	  communicate,	  I	  think	  if	  I’d,	  earlier	  on	  in	  the	  project,	  if	  I’d	  
understood	  the	  limitations	  they’d	  come	  up	  against	  a	  bit	  better,	  then	  I	  could	  have	  had	  
that,	   I	  would	  have	  tackled	  that	  earlier.	   I	  guess,	  you	  know,	   I	  don’t	  necessarily	  know	  
the	  education	  background	  of	  each	  of	   the	   students,	   so	   I	   just	  have	   to	  go	  along	  with	  
trying	  to	  make	  it	  accessible	  to	  all,	  but	  I	  think	  one	  or	  two	  of	  them	  perhaps	  had	  a	  less	  
technical	   knowledge	   than	   others	   that	  made	   it	  much	   harder	   for	   them.	   Other	   than	  
that,	  it	  was	  all	  okay.	  	  
	  
Interviewer:	  
Q15.	  Are	  there	  any	  questions	  you	  would	  like	  to	  ask?	  	  
	  
EECS3:	  
What’s	   your	   intentions	   with	   the	   interviews?	   What	   do	   you	   hope,	   what’s	   your	  
outcome	  going	  to	  be?	  Is	  it	  a	  thesis	  that	  you’re	  writing	  around	  technologies	  and	  how	  
they	  can	  be	  better	  communicated?	  
	  
Interviewer:	  
Yes,	   so	   mine’s	   specifically	   on	   the	   impact	   of	   printed	   electronics	   technology	   on	  
product	   design,	   and	   so	   hopefully	   the	   outcome	   will	   be	   some	   sort	   of	   educational	  
source,	   or	   framework	   that	   can	   be	   presented	   to	   designers	   so	   that	   they	   can	  
understand	   the	   technology	  better.	   So	  maybe	  explaining	   it	   to	   them	  not	   in	  a	   sort	  of	  
‘tech-­‐y’	  way,	  but	  in	  a	  way	  that	  they’ll	  understand,	  you	  know,	  a	  much	  more	  graphical	  
based,	  so	  yeah,	  just	  in	  a	  different	  language.	  	  
	  
EECS3:	  
Yeah,	  it’s	  definitely	  needed,	  it’s	  the	  language	  that’s	  the	  issue,	  that	  would	  be	  superb	  if	  
that’s	  the	  outcome,	  it	  would	  be	  really	  good.	  
	  
Interviewer:	  
Q16.	  With	  your	  experiences,	  in	  relation	  to	  my	  research,	  is	  there	  anything	  else	  that	  
you	  would	  like	  to	  add?	  
	  
EECS3:	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I’d	  be	  interested	  with,	  for	  you	  to	  try	  to	  articulate	  what	  a	  product	  is	  now.	  Not,	  as	  in	  
now,	   but	   what	   a	   product	   is	   in	   this	   current	   environment,	   I’ve	   been	   on	   that	   cusp	  
between	   physical	   and	   digital	   products	   for	   quite	   a	   few	   years	   and	   the	   terminology	  
‘product	  designer’,	  you	  have	  ‘product	  designers’	  on	  Facebook,	  they’re	  not	  designing	  
chairs	  and	  stuff,	  their	  designing	  apps.	  So	  I	  think	  it	  would	  be	  useful	  to	  understand,	  for	  
you	  to	  add	  ‘what	   is	  a	  product	  designer?’	  that	  your	  therefore	  then	  trying	  to	  change	  
the	  terminology	  of	  to	  communicate	  better	  with	  those	  product	  designers,	  because	   I	  
suspect	   somebody	   developing	   a	   digital	   product	   won’t	   have	   as	   many	   issues	   as	   a	  
physical	   product,	   when	   you	   talk	   about	   technology.	   They	   tend	   to	   have	   come	   from	  
more	   of	   a	   computing	   background	   anyway.	   Kind	   of,	   at	   the	  moment,	   being	   ‘tech-­‐y’	  
goes	   with	   the	   territory.	   So	   it	   might	   be	   interesting	   to	   know,	   I	   would	   be	   quite	  
interested	   to	   know	   as	   you	   go	   through	   this,	   whether	   or	   not	   you	   can	   define	   what	  
‘product	  designers’	  are.	  
	  
Interviewer:	  
Thank	  you	  very	  much	  for	  help	  and	  giving	  up	  your	  time	  to	  take	  part	  in	  this	  interview.	  
	  
	  
	  
Appendix	   9:	   Comparison	   table	   of	  
interviewees’	   views	   in	   relation	   to	   key	  
aspects	  of	  the	  projects	  
	  
	   Case	  Study	  2	  	  
(Packaging	  Design	  focus)	  
Postgraduate	  (Masters)	  
Level	  education	  
EECS2’s	  views	  
Case	  Study	  3	  
(Large-­‐Area	  Electronics	  
focus)	  
Undergraduate	  (second	  
year)	  Level	  education	  
EECS3’s	  views	  
Learning	   outcomes	   for	  
design	  students	  
• The	   students’	   ability	   to	  
select	  and	  use	  a	  range	  of	  
tools	   and	   methods	  
appropriate	   to	   the	  
projects	   they’re	  working	  
on	  
• The	   effectiveness	   of	  
communication	   of	  
process	   and	   ideas	   that	  
they’re	  adopting	  
• The	   ability	   to	   produce	  
• The	   ability	   to	   simulate	  
your	  design	  proposals	  
• The	   ability	   to	   analyse	  
behaviour	   and	   apply	   the	  
outcomes	  to	  design	  
• Comparison	   and	  
evaluation	   of	   design	  
ideas	  
• Modelling	   in	   three	  
dimensions	   and	   in	   3D	  
CAD	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validated	   research	  
around	  a	  topic	  	  
• The	   preparation	   of	   a	  
technical	  package	  
Marking	  Criteria	  which	  
relate	   to	   the	   learning	  
outcomes	  
[No	   information	   stated	  
about	  marking	  criteria]	  
• Communication	   of	  
presentation	  
• Analysis	  
• Experimentation	  
• Technical	  competence	  	  
Intended	   outcomes	   of	  
project	  
• To	  generate	  concepts	  for	  
the	   application	   of	  
printed	   electronics	   in	  
packaging	  (company	  had	  
a	   particular	   interest	   in	  
metal	  packaging)	  
• Create	   creative	   ideas	  
about	  the	  applications	  of	  
the	  technology.	  
Showcase	   of	   technologies	   -­‐	  
Well	   developed	   Product	  
idea	   in	   a	   presentation	  
including:	  
• Three	  boards	  of	  concepts	  
• A	  final	  hero	  shot	  
• A	  story	  board	  
• The	  research	  material	  
• A	  model	  
• Video	  (optional)	  
What	   students	  
received	  	  
• Students	   were	   briefed	  
on	   the	   technology	   by	   a	  
small	   team	   of	   people	  
from	   the	   company	   and	  
the	   requirements	   of	   the	  
brief	  
Document	   with	   links	   to	   the	  
companies’	   websites	   and	  
image	   related	   to	   those	  
technologies,	  SWOT	  analysis	  
of	  each	  of	   the	   technologies,	  
brief	  
What	   students	   had	  
access	  to	  
• First-­‐hand	   experience	   of	  
the	  technology	  
• Visit	  to	  the	  factory	  
Ability	   to	   meet	   with	  
technologists	   to	   ask	  
questions	   and	   Skype	   call	  
access	  with	  them	  
What	   the	   students	  
were	  expected	  to	  do	  
• To	   research	   and	  
understand	   the	  
technology	   –	   through	  
primary	   research,	   or	  
literature	   review,	   and	  
also	  able	   to	  analyse	  and	  
presenting	   findings	   from	  
that	  work	  
• Second	   stage	   –	   to	  
present	   their	  projects	   to	  
the	   company	   and	   visit	  
the	  factory.	  
• First	  week	  –	  group	   focus	  
on	   one	   vertical	   –	  
students	   working	  
together	  
• Second	  week	   –	   Students	  
free	   to	   do	   different	  
sectors/verticals	  
• Third	   week	   onwards	   –	  
brief	  became	  clear,	  client	  
wanted	   to	   have	   a	  
showcase	   for	   the	  
technology	   –	   a	   wide	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• Create	   concept	   ideas	  
and	  these	  were	  assessed	  
and	  filtered	  down	  by	  the	  
company	  	  
• Ultimately	   the	   students	  
presented	   the	   idea	   to	  
the	  company	  as	  a	  team	  
• Final	   idea	   was	  
communicated	   through	  
CAD	   visuals,	  
photomontages,	   any	  
range	  of	  techniques	  
range	   of	   products	   that	  
showcase	  some/all	  of	  the	  
technologies	   within	   the	  
companies	  
The	   students	   needed	   to	  
think	  about:	  
• How	  do	  you	  engage	  with	  
a	   customer	   to	  
communicate	   the	  
technology?	  
• The	   ideation	   behind	   the	  
product	  
• The	   positioning	   of	   the	  
technologies	   relative	   to	  
theses	   different	  
industries	  
“The	   main	   purpose	   of	   the	  
project	   was	   to	   get	   them,	   all	  
of	   the	   students,	   out	   of	   their	  
own	   thinking	   and	   into	   the	  
minds	  of	  other	  people”	  
The	   students’	   task	   was	   “to	  
decode	   their	   [the	  
technologists’]	   answers	   to	  
understand	   what	   it	   means	  
from	  the	  user’s	  perspective…	  
the	   students	   had	   to	   actually	  
not	   only	   get	   into	   someone	  
else’s	   mind-­‐set,	   but	   they	  
actually	   had	   to	   define	   who	  
that	   person	   was	   to	   start	  
with”	  
Barriers	   • The	  students	  needed	  the	  
technical	  
limitations/constraints	  
putting	   into	   an	   easy-­‐to-­‐
understand	  context	  
• Students	   felt	   that	   this	  
project	   by	   presenting	   to	  
the	   companies,	   created	  
• Students	   did	   not	   feel	  
comfortable	   contacting	  
technologists	   and	   asking	  
any	  questions	  other	  than	  
technology	   related	  
questions,	   so	   tended	   to	  
ask	   their	   educators	   for	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a	   lot	   of	   pressure	   on	  
them	   and	   workload	   to	  
present	   and	  
communicate	   at	   a	  
professional	   level,	   and	  
that	   “sometimes	  
students	   do	   find	   that	   a	  
little	   bit	   of	   a	   negative.	  
But	  I	  think,	  it’s	  a	  difficult	  
one,	  because	  I	  also	  think	  
that’s	   a	   positive	   and	   it’s	  
also	  what	   students	  need	  
to	   be	   learning	   and	  
learning	  how	  to	  manage	  
and	   deal	   with,	   that’s	  
part	   of	   being	   a	  
professional”.	  
	  
advice	  instead.	  
• Students	   felt	   a	   state	   of	  
duality	   between:	   what	  
the	   client	   wanted	   “we	  
want	   a	   box	   of	  
technology”	   and	   what	  
the	   educator	   wanted	  
“you	   need	   to	   fulfil	   your	  
outcomes,	   think	   broader	  
about	   behaviours,	   get	  
into	   the	   mind-­‐set	   of	   the	  
potential	   end	   user…you	  
can	  only	  get	   there	   if	   you	  
start	   with	   a	   market”.	  
They	   needed	   to	   listen,	  
consider,	   and	  
incorporate	  both.	  
• It	  was	   a	   hard	  project	   for	  
the	   students	   to	   engage	  
with	  because	   “there	  was	  
a	   such	   a	   wide	   range	   of	  
possible	   products	   that	  
could	  come	  from	  it”	  
• Students	   were	  
overwhelmed	   by	   the	  
brief	  
• Timing	   issue	   -­‐	  When	   the	  
students	   were	   ready	   to	  
ask	   the	   technologists	  
questions,	  it	  was	  during	  a	  
week	  that	  they	  were	  not	  
available	  
• The	   students	   found	   it	  
“hard	  to	  get	  to	  grips	  with	  
the	   brief,	   difficult	   first	  
two	  weeks	  to	  focus	  down	  
and	   find	   a	   way	   to	   get	  
enough	   insights	   to	  
understand	   where	   to	  
focus	   their	   efforts,	   hard	  
to	   relate	   to	   the	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technologies	   and	   the	  
functional	  benefits	  of	  the	  
technologies”	  
What	   the	   design	  
students	   responded	  
positively	   to	   or	   could	  
relate	  to	  
• The	   ability	   to	   see	   and	  
experience	   the	  
technologies	   that	   they	  
would	   be	   using	   first-­‐
hand	   or	   the	   situation	  
that	   they	   will	   be	  
designing	  for	  	  
• Practical,	   hands-­‐on	   type	  
experience,	   but	   to	   also	  
facilitate	   the	   students	  
getting	   the	   technical	  
background	  
understanding	   on	   the	  
particular	   technology	  
that	  they	  might	  be	  using	  
–	   a	   need	   for	   a	   better	  
way	   for	   students	   to	  
acquire	   and	   embed	   that	  
‘body	   of	   knowledge’	  
associated	   with	   a	  
particular	  technology	  
• Using	   “cartoon	   style	  
illustrations	   to	  make	   the	  
point”	   as	   proven	  
effective	   when	  
translating	   the	   printed	  
electronics	   to	   design	  
students	  	  
• Video	   communication	  
was	   also	   suggested	   as	   a	  
helpful	   means	   of	  
communicating	   ideas	   to	  
combine	   a	   number	   of	  
aspects	   such	   as	   the	  
overall	   concept,	  
technical	   concepts,	   and	  
user	  benefits	  concept.	  
To	   give	   students	   in	   their	  
groups	   one	   vertical	   to	   aim	  
for	   to	   initially	   design	   for	   to	  
get	  them	  to	  start	  designing	  –	  
so	   they	   were	   not	   so	  
overwhelmed	   –	   it	   allowed	  
them	   “to	   have	   a	   contextual	  
understanding	   of	   the	  
restraints	   in	   their	   projects”	  
by	  challenging	  topics	  such	  as	  
stating	   the	   sector	   they	   are	  
designing	   for,	   finding	   out	  
what	   that	   sector	  expects,	   or	  
what	   the	   restraints	   are	   of	  
that	   sector,	   and	  what	   issues	  
they	   have	   to	   address	  
immediately.	   Then	   after	   this	  
to	   be	   free	   to	   do	   other	  
sectors.	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What	   the	   students	  
wanted	   to	  
know/questions	  asked	  
• Current	   constraints	   and	  
limitations	   of	   the	  
technology	   “power,	  
battery	   life,	   levels	   of	  
illumination,	   amount	   of	  
memory	   that	   can	   be	  
incorporated…anyone	  
doing	  a	  project	  needs	   to	  
understand	  the	  technical	  
constraints	  ”	  	  
• Students	   wanted	   to	  
know	   a	   short	   term	  
forecast	   for	   the	  
technology	   –	   where	   it	  
may	   be	   in	   two	   or	   three	  
years’	  time	  
• Asked	   questions	   such	   as	  
“about	   the	   capacity	   of	  
resistance	  of	  the	  material	  
that	   they	   are	   designing	  
to	  go	   in	   shoes	   ‘I	  want	   to	  
use	   an	   elastomer,	   will	  
your	  technology	  flex?’”	  
• Question	   about	   printing	  
in	  3D	  were	  “‘how	  big	  can	  
you	  go?’,	  ‘how	  feasible	  is	  
it?	   What	   are	   the	   radius	  
you	   can	   print	   around?’	  
you	   know,	   some	   of	   the	  
limitations	   that	   some	   of	  
the	   technology	   might	  
have”…	   then	   further	  
inquiry	   “we	   love	   that	  
printed	   3D	   technology	  
you	   have,	   and	   you	  
weren’t	   particularly	  
interested	   in	   developing	  
it,	   but	   we’ve	   found	   a	  
specific	   application,	  
we’ve	   found	   a	   specific	  
need	  out	  there	  where	  the	  
application	   could	   work,	  
would	   you	   be	  
interested?”	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Appendix	   10:	   Interview	   with	   Industry	  
Expert	  
	  
	  
Appendix	   10.1:	   Adult	   Participant	   Information	  
Sheet	  -­‐	  Industry	  Expert	  
	  
	  
	  
	  
Project	  Title	  
Adult	  Participant	  Information	  Sheet	  
	  
Name	  of	  Investigator:	  Nicola	  York	  
Address:	  Loughborough	  Design	  School,	  Loughborough	  University,	  Leicestershire	  LE11	  
3TU,	  UK.	  	  
Contact	  email:	  N.York@lboro.ac.uk	  	  
(Supervisors:	  Dr	  Darren	  Southee	  and	  Dr	  Mark	  Evans)	  
Dr	  Darren	  Southee	  contact	  email:	  d.j.southee@lboro.ac.uk	  
Dr	  Mark	  Evans	  contact	  email:	  M.A.Evans@lboro.ac.uk	  	  
	  
	  
What	  is	  the	  purpose	  of	  the	  study?	  
To	   solicit	   the	  perceptions,	   opinions	   and	  wisdom	  of	   industry	   experts,	   specifically	   to	  
gain	   expert’s	   opinions	   and	   feedback	   on	   approaches	   for	   the	   communication	   of	  
printed	  electronics	  knowledge	  to	  designers.	  	  
	  
	  
Who	  is	  doing	  this	  research	  and	  why?	  
This	   study	   is	   part	   of	   a	   student	   research	   project	   supported	   by	   Loughborough	  
University.	   Nicola	   York	   is	   currently	   doing	   her	   doctoral	   research	   on	   “The	   Impact	   of	  
Printed	  Electronics	  on	  Product	  Design”.	  Her	  supervisors	  are	  Dr	  Darren	  Southee	  and	  
Dr	  Mark	  Evans.	  The	  growing	  need	  for	  the	  knowledge	  transfer	  of	  printed	  electronics	  
technology	   to	   the	  designers	  of	  products	  has	  prompted	   this	   research.	  This	   research	  
will	  explore	  the	  contribution	  of	  printed	  electronics	  to	  product	  design	  and	  formulate	  
strategies	  to	  increase	  the	  impact.	  
	  
	  
Are	  there	  any	  exclusion	  criteria?	  
No	  
	  
	  
What	  will	  I	  be	  asked	  to	  do?	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The	   purpose	   of	   the	   semi-­‐structured	   interview	   is	   to	   explore	   the	   perceptions	   and	  
opinions	   of	   experts	   who	   have	   created	   a	   teaching	   and	   learning	   environment	   for	  
product/industrial	   design	   students,	   regarding	   accurate	   knowledge	   transfer	   and	  
communication	   of	   printed	   electronics	   technology	   for	   the	   education	   of	   designers.	  
Specifically	  this	  interview	  will:	  
	  
• Identify	  approaches	  toward	  the	  communication	  of	  printed	  electronics	  
technology	  to	  designers	  	  
• Identify	  any	  barriers	  that	  might	  be	  encountered	  in	  the	  communication	  of	  
printed	  electronics	  technology	  to	  designers	  
• Assess	  expert	  opinion	  regarding	  approaches	  taken	  and	  the	  perceived	  success	  
(or	  otherwise)	  
	  
	  
Once	  I	  take	  part,	  can	  I	  change	  my	  mind?	  
Yes.	   	  After	  you	  have	  read	  this	   information	  and	  asked	  any	  questions	  you	  may	  have,	  
we	   will	   ask	   you	   to	   complete	   an	   Informed	   Consent	   Form,	   however	   if	   at	   any	   time,	  
before,	  during	  or	  after	  the	  sessions	  you	  wish	  to	  withdraw	  from	  the	  study	  please	  just	  
contact	  the	  main	  investigator.	  	  You	  can	  withdraw	  at	  any	  time,	  for	  any	  reason	  and	  you	  
will	  not	  be	  asked	  to	  explain	  your	  reasons	  for	  withdrawing.	  
However,	  once	  the	  thesis	  has	  been	  submitted	  (expected	  by	  October	  2016),	  it	  will	  not	  
be	  possible	  to	  withdraw	  your	  individual	  data	  from	  the	  research.	  
	  
	  
Will	  I	  be	  required	  to	  attend	  any	  sessions	  and	  where	  will	  these	  be?	  
Just	  the	  semi-­‐structured	  interview	  
	  
	  
How	  long	  will	  it	  take?	  
The	  semi-­‐structured	  interview	  will	  take	  one	  hour.	  
	  
	  
What	  personal	  information	  will	  be	  required	  from	  me?	  
None.	  
	  
	  
Are	  there	  any	  risks	  in	  participating?	  
No.	  
	  
	  
Will	  my	  taking	  part	  in	  this	  study	  be	  kept	  confidential?	  
All	   information	   on	   participants	  will	   be	   treated	   as	   confidential	   and	   not	   identifiable	  
unless	  agreed	  otherwise	  in	  advance,	  and	  subject	  to	  requirements	  of	  law.	  Storage	  of	  
data	   will	   comply	   with	   the	   Data	   Protection	   Act	   1998.	   Any	   audio	   recordings	   of	  
participants	   will	   be	   kept	   in	   a	   secure	   place	   and	   not	   released	   to	   any	   third	   parties.	  
Audio	   recordings	   will	   be	   destroyed	   within	   ten	   years	   of	   the	   completion	   of	   the	  
investigation.	   The	   research	   will	   not	   involve	   the	   sharing	   of	   data	   or	   confidential	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information	   beyond	   the	   initial	   consent	   given.	   The	   research	   will	   not	   involve	  
administrative	   or	   secure	   data	   that	   requires	   permission	   from	   the	   appropriate	  
authorities	  before	  use.	  	  
	  
	  
I	  have	  some	  more	  questions;	  who	  should	  I	  contact?	  
Nicola	  York	  
	  
	  
What	  will	  happen	  to	  the	  results	  of	  the	  study?	  
The	  results	  will	  become	  primary	  data	  for	  the	  doctorial	  research.	  
	  
	  
What	  if	  I	  am	  not	  happy	  with	  how	  the	  research	  was	  conducted?	  
If	  you	  are	  not	  happy	  with	  how	  the	  research	  was	  conducted,	  please	  contact	  Ms	  Jackie	  
Green,	  the	  Secretary	  for	  the	  University’s	  Ethics	  Approvals	  (Human	  Participants)	  Sub-­‐
Committee:	  
	  
Ms	   J	   Green,	   Research	   Office,	   Hazlerigg	   Building,	   Loughborough	   University,	   Epinal	  
Way,	  Loughborough,	  LE11	  3TU.	  	  Tel:	  01509	  222423.	  	  Email:	  J.A.Green@lboro.ac.uk	  
	  
The	  University	  also	  has	  a	  policy	  relating	  to	  Research	  Misconduct	  and	  Whistle	  Blowing	  
which	   is	   available	   online	   at	   http://www.lboro.ac.uk/committees/ethics-­‐approvals-­‐
human-­‐participants/additionalinformation/codesofpractice/	  .	  	  	  
	  
	  
Is	  there	  anything	  I	  need	  to	  do	  before	  the	  session?	  
No	  
	  
	  
Is	  there	  anything	  I	  need	  to	  bring	  with	  me?	  
No	  
	  
	  
	  
	  
Appendix	   10.2:	   Interview	  with	   ‘IE’	   on	   18th	  March	  
2016	  
	  
Interviewer:	  
Thank	  you	  for	  taking	  part	  in	  this	  interview.	  
The	  purpose	  of	  this	  interview	  is	  to	  collect	  and	  discuss	  the	  perceptions	  and	  opinions	  
of	  experts	  who	  have	  been	  part	  of	  a	  printed	  electronics	  design	  challenge	  project	  for	  
product/industrial	   design	   students,	   regarding	   accurate	   knowledge	   transfer	   and	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communication	   of	   printed	   electronics	   technology	   for	   presenting	   to	   student	  
designers.	  
Q1.	  How	  did	  the	  Printed	  Electronics/	  Education	  collaboration	  come	  together?	  Did	  
the	   universities/educators	   contact	   YOU	   (the	   researchers/companies)	   in	   the	   first	  
instance?	  
	  
IE:	  
No,	   it	   started	   because	   I	   did	   something	   with	   the	   Design	   School	   at	   Northumbria	  
University	  and	  shared	  that	  with	  Crown,	  and	  then	  the	  guys	  at	  Crown	  sort	  of	  thought	  
‘that’s	  a	  good	   idea,	   then	  we’ve	  got	  these	  relationships	  with	  Brunel	  University,	   let’s	  
do	  the	  same	  thing’.	  	  
	  
Interviewer:	  
OK	  great,	  so	  
Q2.	  What	  did	  you	  expect	  the	  design	  students’	  background	  experiences/knowledge	  
to	  be	  prior	  to	  the	  printed	  electronics	  project?	  
	  
IE:	  
I	   think	   they	  were	   Postgraduate	   design	   students,	   so	   I	   guess	   the	   expectation	   is	   that	  
they	  would	  at	  least	  have	  some	  understanding	  of	  the	  sort	  of	  processes	  to	  go	  through	  
to	  generate	  designs	   in	   these	  areas.	  So	   to	   some	  extent,	   it’s	  not	  an	  area	   that	   I	  have	  
expertise	  in,	  therefore	  as	  long	  as	  it	  would	  complement	  design	  students,	  then	  I	  would	  
be	  quite	  happy	  with	  whatever	  the	  output	  was.	  So,	  to	  some	  degree,	  the	  competence	  
in	  the	  design,	  I	  think	  that’s	  enough.	  
	  
Interviewer:	  
Q3.	  What	  were	  the	  intended	  outcomes	  of	  the	  printed	  electronics	  project?	  
	  
IE:	  
The	  way	  I,	  those,	  the	  Crown	  guys	  might	  have	  a	  slightly	  different	  perception	  of	  mine,	  
but	  for	  me	  it’s	  just	  to	  articulate	  what	  the	  technology	  can	  do,	  and	  the	  important	  thing	  
is	  that	  it’s	  given	  a	  narrow	  focus	  by	  the	  requirements	  to	  meet	  the	  needs	  of	  Crowns.	  
So	  having	  something	  that’s	  targeted	  i.e.	  it’s	  got	  to	  fit	  within	  a	  sort	  of	  Crown	  product	  
range,	  and	  it’s	  got	  to	  align	  with	  Crown	  manufacturing	  process	  is	  important,	  and	  then	  
the	   students	   have	   affectively	   got	   a	   lot	   of	   freedom	   then	   and	   in	   terms	   of	  what	   this	  
technology	  can	  deliver,	  and	  once	  they’ve	  got	  those	  constraints	  associated	  with	  the	  
needs	  of	  Crown.	  
	  
Interviewer:	  
Yes,	  ok	  and	  
Q4.	  How	  did	  the	  design	  students	  engage	  with	  the	  project?	  (Were	  students	  given	  a	  
brief	  by	  you/the	  educators/both?)	  
	  
IE:	  
They	  were	  given	  briefs	  by	  Crown,	  I	  think	  I	  was	  here,	  I	  had	  a	  problem	  actually,	  there	  
was	  a	  storm	  which	  meant	  that	  .	  .	  .	  there	  was	  a	  meeting,	  I	  think	  there	  was	  an	  event	  at	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Brunel	  where	  Crown	  were	  going	   to	   introduce	   the	  project,	   I	  was	  supposed	  to	  go	   to	  
that	  meeting	  but	  then	  couldn’t	  attend	  because	  I	  got	  stuck	  in	  Doncaster	  in	  a	  storm.	  
The	  student’s	  then	  came	  to	  [company’s	  name],	  so	  we	  got	  the	  students	  to	  come	  up,	  
stay	  overnight,	   they	  came	  up	  by	  coach	  and	  they	  had	  a	   look	  around	  the	  facilities	  at	  
[company’s	   name],	   so	   they	   got	   an	   understanding	   of	   what	   printed	   electronics	   was	  
about	   and	   then	   also	   Crown	   again	   presented	   some	   of	   the	   process	   for	   metal	   can	  
manufacturing.	  So	   I	   think	   they	  got	  a	  very	  deep	  brief	   from	  Crown	  and	  ourselves,	   in	  
terms	  of	  what	  printed	  electronics	  is	  about,	  and	  also	  the	  desires	  and	  the	  limitations	  of	  
the	  partners	  in	  crime.	  
	  
Interviewer:	  
Q5.	   What	   approaches/techniques	   were	   used	   in	   the	   project	   to	   communicate	  
printed	  electronics	  technology	  to	  designers?	  
	  
IE:	  
I	   gave	  a	  presentation	   to	   show	  them	  what	   the	   technology,	  enhancing	  awareness	  of	  
the	   technology.	   They	   looked	   at	   some	   of	   the	   demonstrator	   products	   that	   we	  
currently	  have	  on-­‐site	  here,	  products	   that	  are	  made	  using	  printed	  electronics,	   and	  
then	  they	  also	  had	  a	  look	  at	  the	  facility	  where	  these	  printed	  electronic	  components	  
are,	  or	  printed	  electronics	  is	  developed.	  I’m	  not	  too	  sure	  how	  much	  of	  that	  latter	  bit	  
they	   understood,	   but	   it	   was	   clear	   from	   some	   of	   the	   projects’	   outcomes	   that	   they	  
were	  well	  aware	  of	  some	  of	  the	  demonstrators	  that	  we	  had	  around.	  
	  
Interviewer:	  
Q6.	  What	  types	  of	  questions,	  if	  any,	  did	  the	  students	  ask	  throughout	  the	  project?	  
	  
IE:	  
I	   can’t	   remember,	   there	  were	  a	   lot	  of	  questions	  used	  on	  a	   large	  group	  with	  a	   few	  
individuals	  who	  had	   lots	  of	   thoughts	  and	   ideas,	   there	  was	  a	   lot	  of	  questions	  about	  
what	  is	  possible	  with	  printed	  electronics,	  and	  understanding	  of	  .	  .	  .	  in	  terms	  of	  three	  
of	  the	  projects,	  in	  one	  case,	  one	  of	  the	  keys	  to	  working	  with	  my	  electronic	  engineers,	  
so	  there	  was	  a	  lot	  of	  sharing	  of	  information	  in	  terms	  of	  the	  technical	  details	  in	  terms	  
of	  being	  able	  to	  get	  printed	  electronics	  to	  work	  on	  a	  metal	  can.	  So,	  there’s	  general	  
questions,	  but	  some	  very	  specific	  ones	  about	  going	  into	  the	  detail	  of	  creating	  a	  real	  
demonstrator	  that	  could	  be	  shared	  with	  Crown.	  
	  
Interviewer:	  
Q7.	   Were	   there	   any	   barriers	   encountered	   during	   the	   communication	   of	   printed	  
electronics	  technology	  to	  designers?	  
	  
IE:	  
Not	  really,	  because	  we	  didn’t	  go	   into	  too	  much	  of	  the	   .	   .	   .	   if	   there	  was	  a	  barrier,	   it	  
would	   just	   be	   the	   technical	   content,	   but	   that’s	   not	   really	   .	   .	   .	   but	   I	   guess	   there’s	  
barriers	  to	  the	  barriers,	  so	  one	  of	  them	  is	  the	  technical	  content,	  so	   its	  determining	  
whether	  they’re	  .	  .	  .	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(break	  in	   interview	  conversation	  as	  batteries	  ran	  out	   in	  sound	  recorder,	  had	  to	  stop	  
the	  interview	  and	  grab	  a	  different	  sound	  recorder	  for	  the	  rest	  of	  the	  interview)	  
	  
Interviewer:	  
I’m	  sorry	  I	  do	  apologise	  about	  that,	  I’ve	  got	  a	  different	  sound	  recorder	  now,	  so	  would	  
you	  like	  me	  to	  repeat	  the	  question?	  
	  
IE:	  
Yes	  please.	  
	  
Interviewer:	  
So	  
Q6.	  What	  types	  of	  questions,	  if	  any,	  did	  the	  students	  ask	  throughout	  the	  project?	  	  
(I	  asked	  the	  wrong	  question	  as	   I	   lost	  track	  of	  which	  question,	  due	  to	  the	  difficulties	  
with	  the	  sound	  recorders)	  
	  
IE:	  
Ok,	  so	  the	  technical	  questions	  .	  .	  .	  yeah,	  so	  I	  mentioned	  that,	  one	  of	  the	  things	  that	  I	  
wanted	  to	  do	  was	  actually	  make,	  one	  of	  the	  groups	  wanted	  to	  make	  a	  demonstrator,	  
so	   lots	   of	   technical	   questions	   around	   designing	   a	   circuit,	   getting	   something	   that	  
actually	  really	  works,	  so	  there	  was	  a	   lot	  of	  discussions	  with	  an	  electronics	  engineer	  
that’s	  within	  [company’s	  name].	  	  
So	   what	   I	   was	   trying	   to	   get	   to,	   I	   think	   one	   of	   the	   other	   questions	   was	   about	  
barriers…(Q7)	  
	  
Interviewer:	  
Oh	  yes,	  sorry	  
	  
IE:	  
Answering	  Q7	  
There’s	   two	  aspects,	   there’s	   the	   issue	   around	  understanding	   the	   technology	   itself,	  
which	   has	   the	   potential	   to	   be	   a	   barrier,	   but	   that’s	   less	   relevant	   because	   we’re	  
interested	  in	  what	  the	  technology	  can	  deliver	  rather	  than	  how	  it	  works.	  And	  then	  the	  
other	  barrier	  is:	  some	  of	  this	  technology	  isn’t	  ready	  yet,	  so	  there’s	  a	  timeline	  issue,	  
so	   there	   may	   be	   a	   desire	   to	   develop	   design	   concepts,	   but	   the	   technology	   is	   not	  
practical,	  some	  of	  the	  technology	  is	  not	  practical	  to	  them.	  
	  
Interviewer:	  
Q8.	   What	   were	   the	   outputs	   from	   the	   projects	   –	   product	   designs,	   functional	  
prototypes,	  concepts,	  viable	  products?	  
	  
IE:	  
The	  output	  was	   affectively	   an	   event	   at	   Crown,	  where	   the	   students	  were	   split	   into	  
different	   groups,	   and	   each	   of	   the	   different	   groups	   presented	   their	   concepts,	   so	   it	  
was	  a	  sort	  of	  a	  story	  board	  how	  they	  presented	  it,	  in	  terms	  of	  the	  process	  they	  went	  
through	   to	   create	   the	   design,	   and	   then	   the	   designs	   themselves.	   And	   some	   were	  
concepts,	  but	  one	  group	  actually	  had	  a	  working	  device.	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Interviewer:	  
Q9.	   From	   an	   industry	   perspective,	   what	   are	   your	   reflections	   on	   the	   printed	  
electronics	  project	  in	  this	  commercial	  context?	  
	  
IE:	  
What	  do	  you	  mean	  by	  commercial	  context?	  
	  
Interviewer:	  
So	  from	  an	  industry	  point	  of	  view,	  rather	  than	  from	  an	  educational	  point	  of	  view.	  
	  
IE:	  
One	  of	  the	  reasons	  that	  I’m	  keen	  to	  work	  with	  design	  schools,	  so	  as	  I’ve	  said	  we’ve	  
done	  work	  with	  Northumbria	   University	   design	   school,	   then	   there	  was	   the	   Crown	  
project	  with	  Brunel,	   then	   there	  was	  another	  one	  with	   the	  University	  of	  Cambridge	  
and	  Central	  Saint	  Martins	  design	  school.	   I	   think	  there’s,	   I	   think	  that	  the	  key	  output	  
was	   a	   way	   to	   articulate	   what	   the	   technology	   can	   do.	   As	   a	   technologist,	   I’m	  
surrounded	   by	   technologists	   who	   are	   interested	   in	   the	   detail	   of	   what	   printed	  
components	  can	  do,	  but	  what	  we	  need	  to	  do	  is	  to	  describe	  to	  the	  wider	  world	  what	  
this,	  the	  benefits	  of	  the	  technology	  and	  the	  best	  way	  to	  do	  that	  is	  by	  creating	  visual	  
concepts	   that	   people	   then	   can	   understand	   where	   this	   technology	   can	   benefit.	   So	  
that’s	  the	  primary	  drive	  of	  we’re	  doing	  what	  we’re	  doing,	  now	  if	  an	  output	  of	  that	  is	  
a	  concept	  that	  could	  really	  work	  as	  a	  commercial	  product,	  then	  that’s	  an	  interesting	  
bi-­‐product.	  But	  the	  challenge	  we	  have	  is	  that	  some	  of	  the	  technology	  isn’t	  ready	  yet,	  
so	   there	  may	  be	   concept	   that	  would	  work	   commercially	   as	   a	  product	   that	  doesn’t	  
work	  because	  the	  manufacturing	  capability	  isn’t	  there	  yet	  to	  deliver	  such	  a	  product.	  	  
	  
Interviewer:	  
Ok,	   fantastic.	   It’s	  also	   really	   interesting	   that	  you	  mentioned	  about	   the	  project	   that	  
was	  linked	  to	  Central	  Saint	  Martins	  as	  well,	  because	  I’ve	  been	  looking	  at	  that	  project.	  
So,	  
Q10.	  At	  the	  end	  of	  the	  printed	  electronics	  project,	  did	  the	  design	  students	  fill	  out	  
any	  feedback	  forms	  (did	  you	  record	  any	  feedback/comments	  from	  them)?	  
	  
IE:	  
I’m	  not	  sure	  if	  there	  was	  something	  from	  the	  students…	  I	  haven’t	  seen	  it.	  There	  was	  
the	   employees	   at	   Crown	   provided	   feedback,	   and	   there	   was	   apparently	   voting	   on	  
selecting	  a	  winner,	  because	  it	  was	  run	  as	  a	  mini	  competition,	  run	  as	  a	  competition.	  I	  
haven’t	   seen	   any	   feedback,	   or	   I	   don’t	   remember	   seeing	   any	   feedback,	   or	   if	  
somebody’s	  sent	  something	  then	  I’ve	  forgotten	  about	  it,	  but	  I	  don’t	  remember	  it.	  
	  
Interviewer:	  
(Part	  of	  Q10)	  
What	  were	  the	  students’	  experiences	  of	  the	  printed	  electronics	  project?	  
	  
IE:	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Well	  I	  think	  they	  seemed	  very	  enthused,	  very	  motivated	  to	  deliver	  something	  .	  .	  .	  	  so	  
I	  think	  for	  me	  it	  was	  .	  .	  .	  as	  always	  in	  a	  situation	  like	  this,	  you	  get	  some	  who	  are	  highly	  
motivated	   that	  put	   a	   lot	   of	  work	   into	   it,	   and	   some	  probably	   less	   so,	   but	   I	   think	   in	  
general	  they	  seemed	  quite	  motivated	  in	  terms	  of	  this	  area.	  	  
	  
Interviewer:	  
Q11.	   What	   were	   the	   overall	   intended	   outcomes	   from	   the	   printed	   electronics	  
project	   from	   both	   the	   researcher’s/companies’	   perspective	   and	   the	   educator’s	  
perspective?	  
	  
IE:	  
Well	  for	  me	  it	  served	  its	  purpose	  in	  terms	  of	  publicising	  what	  we	  can	  do	  with	  printed	  
electronics.	   It’s	  probably	  worth	  reverting	  on	  the	  great	   first	  design	  one,	  and	   it’s	  not	  
the	  Brunel	  one,	  but	   the	  one	  with	  Northumbria,	  one	  of	   the	   things	  we	  did	  with	   that	  
project,	  was	  that	  we	  took	  the	  …	  again	  it	  was,	  as	  with	  all	  of	  these	  things,	  it	  sort	  of	  split	  
into	  teams,	  and	  we	  took	  the	  output	  from	  some	  of	  those	  teams,	  created	  banners,	  and	  
then	  we	  invited	  the	  students	  to	  attend	  an	  event,	  a	  sort	  of	  a	  visual	  media	  event.	  So	  
they	  stood	  alongside	  their	  banners	  at	  an	  exhibition,	  so	  they	  were	  able	  to	  sort	  of	  talk	  
about	   it.	   So	   there	   was	   two	   aspects,	   there	   was	   an	   educational	   benefit	   doing	   that	  
because	   then	   they	   could	   understand	  what	   it’s	   like	   to	  work	   at	   an	   exhibition,	   to	   be	  
able	  to	  promote	  and	  discuss	  their	  ideas	  with	  a	  much	  wider	  audience,	  so	  that	  was	  a	  
positive	  from	  an	  educational	  point	  of	  view.	  But	  the	  other	  thing	  about	  the	  benefit	  was	  
being	  part	  of	  the	  discussion	  amongst	  some	  of	  the	  people	  that	  were	  standing	  around	  
at	   the	   start,	   and	   one	   of	   those	   discussions	   in	   the	   end,	   ended	   up	   in	   a	  multimillion	  
pound	  project.	   So	   the	   capitalist	   for	   that	  project	  was	  a	  demonstration,	  or	  a	  banner	  
presentation	   at	   an	   exhibition,	   so	   some	   of	   these	   things	   can	   have	   a	   very	   powerful	  
output,	   because	   it	   can	   stimulate	   discussion	   of	   thought	   around	   a	   theme	   that’s	  
developed	  within	  the	  project.	  
	  
Interviewer:	  
Q12.	  Do	  you	  feel	  that	  projects	  like	  this	  translate	  well	  into	  an	  educational	  content?	  
	  
IE:	  
I	  think,	  the	  thing	  I’ve	  just	  described,	  I	  think	  can’t	  do	  because	  you	  can	  do	  much	  more	  
than	   to	   just	   use	   it	   as	   a	   design	   project,	   so	   it’s	   possible	  with	   these	   things	   to	   take	   it	  
beyond,	  so	  very	  often	  the	  end	  point	  is	  the	  presentation,	  at	  the	  end	  of	  the	  project,	  for	  
example	  the	  one	  at	  Crown	  were	  with	  the	  fact	  that	  all	  the	  different	  teams	  presented	  
to	  Crown	  employees,	  and	  so	  for	  many	  cases	  that’s	  the	  end	  point,	  and	  the	  students	  
them	  move	  onto	  their	  next	  project,	  and	  then	  the	  next	  project.	  But	  I	  think	  it	  was	  quite	  
interesting	  what	  we	  did	  with	  Northumbria,	  we	  thought	   ‘let’s	  do	  something	  beyond	  
the	   competition	   or	   the	   presentation	   bit,	   let’s	   take	   some	   of	   those	   ideas	   into	   a	  
completely	  different	  context,	  i.e.	  go	  to	  an	  exhibition	  and	  then	  present	  those	  ideas	  at	  
that	  exhibition’	  so	  I	  think	  that	  was	  beneficial,	  some	  of	  the	  feedback	  that	  I	  had	  from	  
doing	   that	   was	   very	   positive	   from	   the	   students.	   Yeah,	   so,	   you	   can	   sort	   of	   see	  
scenarios	  with	  some	  of	   the	   ideas	   that	  are	  developed	  within	  a	  project,	   can	   then	  be	  
taken	   as	   if	   it	   was	   a	   real	   design	   concept,	   and	   then	   taken	   to	   the	   next	   stage	   and	  
explored	  in	  more	  detail	  elsewhere.	  And	  to	  a	  certain	  extent	  the	  Central	  Saint	  Martins	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project,	   is	  one	  of	  the	  things	  that’s	  happened	  there	  is	  that	  one	  of	  the	  concepts	  that	  
we’re	  trying	  to	  work	  on	  into	  a	  product	  idea,	  even	  if	  that	  product	  idea	  is	  some	  sort	  of	  
demonstrator	  for	  what	  we	  can	  do	  with	  printed	  electronics.	  
The	   key	   thing	   for	  me	   is	   that	   what	   working	   with	   the	   design	   students	   allows	   us	   to	  
articulate	  what	   the	   technology	   can	  do,	   rather	   than	   focussing	   in	  on	   the	   technology	  
itself.	  	  
	  
Interviewer:	  
Q13.	   Are	   there	   any	   aspects	   about	   the	   communication	   of	   printed	   electronics	   to	  
designers	  that	  you	  feel	  have	  not	  been	  covered	  in	  this	  interview?	  
	  
IE:	  
I	   think	  we	   just	  need	  to	  do	  more	  work	   in	  this	  area.	   I	   think	  that	  what’s	  happening	   is	  
that	  the	  world	  of	  printed	  electronics	  is	  changing,	  to	  the	  point	  where	  I’m	  raising	  the	  
need	  for	  the	  term	  ‘printed	  electronics’	  so	  that	  there’s	  probably	  .	  .	  .	  I	  think	  the	  reason	  
that	   things	  change	  now	   is	   that	  we	  start	   to	   forget	  about	   this	  as	  printed	  electronics,	  
and	  just	  think	  about	  application	  areas,	  such	  as	  things	  like	  the	  ‘internet	  of	  things’	  and	  
then	   direct	   the	   students	   to	   solving	   the	   problems	   and	   then	   see	   how	   that	   fits	  with	  
printed	  electronics.	  The	  fundamental	  problem	  that	  we’ve	  got,	  is	  having	  had	  the	  issue	  
with	  the	  Crown	  project,	  is	  that	  as	  soon	  as	  we	  talk	  about	  putting	  displays	  onto	  plastic	  
the	  immediate	  thing	  that	  the	  students	  pick	  up	  on	  is	  the	  concept,	  putting	  the	  visual,	  
high	   resolution	   television	   display,	  wrapping	   it	   round	   a	   coco-­‐cola	   can,	   and	   thinking	  
that’s	  something	  that	  can	  be	  an	  interesting	  product,	  but	  that’s	  never	  going	  to	  .	  .	  .	  so	  
one	  of	   the	  bits	   that’s	  missing	   is	  effectively	  a	  bit	  of	   commercial	   realism	   in	   terms	  of	  
what	  makes	  sense.	  That’s	   them	  trying	  to	   identify	  the	  real	  nuance	   in	  terms	  of	  what	  
the	   technology	   benefits.	   And	   with	   the	   Brunel	   one	   there	   certainly	   was	   a	   situation	  
where	   one	   of	   the	   concepts,	   I	   think	   at	   that	   time	   we	   had	   a	   poster	   display	   from	   a	  
company	  called	  Novalia	  which	  was	  a	  printed	  electronic	  drum	  kit,	  and	  then	  one	  of	  the	  
concepts	   from	   the	   students	   was	   effectively	   just	   in	   terms	   of	   the	   synthetics	   of	   the	  
drum	  kit,	  was	  just	  then	  the	  lids	  of	  the	  can,	  of	  a	  jar,	  so…	  it	  was	  a	  bit	  lazy,	  but	  actually,	  
having	   said	   that,	   it	   was	   something	   where	   they	   could	   take	   something	   that	   they’d	  
seen,	   something	   that	   seemed	   to	   be	   feasible	   and	   then	   translate	   it	   into	   Crown’s	  
context	  in	  terms	  of	  seeing	  something	  that	  could	  be	  done	  with	  that	  technology.	  And	  
that	   was	   clearly	   much	  more	   attractive	   than	   the	   idea	   of	   trying	   to	   put	   a	   full	   video	  
display	  on	  a	  coco-­‐cola	  can.	  	  
	  
Interviewer:	  
Q14.	  Are	  there	  any	  questions	  that	  you	  would	  like	  to	  ask?	  
	  
IE:	  
So,	  yeah,	   in	  terms	  of	   the	  work	  that	  you’re	  doing,	  what’s	  driving	   it?	  Who’s	   initiated	  
the	  piece	  of	  work?	  
	  
Interviewer:	  
I	   think	   it’s	   just	   that	   there	   seems	   to	  be	  at	   the	  moment	   .	   .	   .	   it’s	   trying	   to	  be	  able	   to	  
successfully	  translate	  this	  technology	  to	  designers	  so	  that	  they	  can	  design	  products	  
with	  it,	  that	  hopefully	  will	  raise	  understanding	  of	  the	  technology	  itself	  as	  well,	  rather	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than	  just	  seeing	  what	  the	  technology	  is	  right	  now,	  it’s	  trying	  to	  sort	  of	  to	  create	  it	  so	  
it’s	  more	  future-­‐proof,	  so	  it’s	  trying	  to	  communicate	  this	  technology	  to	  designers	  in	  a	  
way	  that	  they’ll	  understand,	  so	  it’s	  not	  really	  highly	  technical,	  so	  it’s	  a	  lot	  more	  visual	  
based,	  and	  so	  that	  they	  can	  understand	  all	  the	  elements	  as	  well	  of	  the	  technology,	  
rather	  than	  it	  just	  being	  these	  areas,	  so	  that	  hopefully	  they	  can	  design	  a	  product	  as	  a	  
whole,	  rather	  than	  just	   like	  as	  you	  said	  you	  know	  copying	  something	  that’s	  already	  
out	  there,	  or	  that	  currently	  exists,	  it’s	  trying	  to	  design	  for	  the	  future,	  and	  to	  get	  them	  
more	   aware	   of	   the	   research	   that’s	   going	   on	   and	   the	   technology	   that’s	   up	   and	  
coming,	  that	  could	  be	  in	  potential	  future	  designs.	  
	  
Q15.	  With	  your	  experiences,	  in	  relation	  to	  my	  research,	  is	  there	  anything	  else	  that	  
you	  would	  like	  to	  add?	  
	  
IE:	  
No,	  I	  think	  maybe	  if	  I’d	  have	  known	  what	  you	  were	  doing	  a	  bit	  earlier,	  then	  maybe	  it	  
would	  have	  been	   then	  quite	  useful,	   yes	   so	   I	   think	   it’s	   good,	   so	  what	   your	  doing	   is	  
actually	  quite	  a	  nice	  space,	  but	  also	  may	  be	  worth,	  there’s	  a	  [person]	  called	  [name]	  
who	  was	  the	  one	  who	  was	  leading	  the	  project	  in	  Northumbria,	  so	  if	  you	  want	  to	  tap	  
into	  the	  very	  first	  piece	  of	  work	  that	  we	  did	  with	  Northumbria	  University	  then	  that	  
might	  add	  to	  your	  work	  as	  well.	  	  
I	  guess	  one	  of	  my	  frustrations	  with	  this	  is	  that	  a	  lot	  of	  the	  students	  are,	  on	  all	  three	  
of	  the	  projects,	  have	  been	  over	  sea	  students,	  there’s	  very	  few	  British	  students	  that	  
I’ve	  been	  working	  with	  direct	  with.	  It	  just	  reflects	  the	  need	  for	  the	  design	  schools	  to	  
teach	  on	   a	   global	   perspective,	   but	   it	  would	  be	  nice	   to	   see	   lots	   of	   people	  who	  will	  
then	  take	  these	  ideas	  and	  stay	  in	  the	  UK	  and	  exploit.	  	  
	  
Interviewer:	  
Thank	   you	   very	   much	   for	   your	   help	   and	   giving	   up	   your	   time	   to	   take	   part	   in	   this	  
interview.	  
	  
	  
	  
Appendix	   11:	   Comparison	   table	   of	   the	  
‘topic	   of	   conversation’	   and	   ‘IE’s	   response	  
in	  relation	  to	  which	  case	  study’	  
	  
	   IE’s	  response	  in	  relation	  to	  which	  case	  study:	  
Topic	  of	  
Conversation:	  	  
Case	  Study	  1	  (CS1)	  
Everyday	  Consumer	  
Products	  	  
Case	  Study	  2	  (CS2)	  
Packaging	  Design	  focus	  
Case	  Study	  
3	  (CS3)	  
Large-­‐Area	  
Electronics	  
focus	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How	   the	  
project	   was	  
initiated	   or	  
how	   the	  
collaboration	  
came	  
together	  
It	   all	   began	   from	   the	  
collaboration	  in	  CS1	  
The	  company	  involved	  in	  CS2	  
were	   inspired	   by	   what	  
happened	  in	  CS1	  
	  
Expectations	  
of	   the	   design	  
students’	  
experiences	   /	  
knowledge	   to	  
be	  prior	  to	  the	  
project	  
	   A	   degree	   of	   design	  
competence,	   to	   have	   some	  
understanding	   of	   the	  
processes	   to	   go	   through	   to	  
generate	  designs.	  
	  
Intended	  
outcomes	   of	  
the	  project	  
	   To	   articulate	   what	   the	  
technology	   can	   do,	   and	   to	  
meet	   the	   requirements	   of	  
the	  company	  involved	  in	  CS2	  
	  
How	   the	  
students	  
engaged	   with	  
the	   project	  
(given	   a	  
brief?)	  
	   Brief	   was	   provided	   by	   the	  
company	   involved	   in	   CS2,	  
and	   by	   the	   company	   that	   IE	  
works	  at.	  
The	  student’s	  also	  visited	  the	  
company	   that	   IE	  works	   at	   to	  
look	   around	   their	   facilities,	  
manufacturing	   and	   to	  
understand	   the	   technology	  
better.	  	  
Company	  involved	  in	  CS2	  also	  
gave	  a	  presentation.	  
	  
Approaches	   /	  
techniques	  
used	   to	  
communicate	  
printed	  
electronics	  
technology	   to	  
designers	  
during	   the	  
project	  
	   IE	   gave	   a	   presentation	   to	  
enhance	   awareness	   of	   the	  
technology,	   on-­‐site	  
demonstrator	   products	   using	  
the	   technology,	   students	  
viewed	   the	   facilities	   where	  
printed	   electronics	   is	  
developed.	  	  
	  
Questions	  
asked	   by	  
students	  
throughout	  
the	  project	  
	   What	  is	  possible	  with	  printed	  
electronics?	  	  
More	  general	  questions.	  
Specific	   questions	   about	  
going	   into	   the	   detail	   of	  
creating	   a	   real	   demonstrator	  
that	  could	  be	  shared	  with	  the	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company	  involved	  in	  CS2.	  
One	  of	  the	  groups	  wanted	  to	  
make	   a	   demonstrator,	  which	  
involved	   a	   lot	   of	   technical	  
questions	  around	  designing	  a	  
circuit,	   getting	   something	  
that	   actually	   works,	   so	   a	   lot	  
of	  discussions	  took	  place	  with	  
an	   electronics	   engineer	  
within	   the	   company	   that	   IE	  
works	  in.	  
Any	   barriers	  
encountered	  
during	   the	  
communicatio
n	   of	   printed	  
electronics	  
technology	   to	  
designers	  
	   Not	  really.	  
If	   there	   was	   a	   barrier,	   it	  
would	   just	   be	   the	   technical	  
content.	  
Two	  main	  aspects:	  
• Issue	   around	  
understanding	   the	  
technology	  itself	  
• Some	  of	  the	  technology	  is	  
not	   ready	   yet,	   so	   there	   is	  
a	  timeline	  issue	  
	  
Outputs	   from	  
the	  projects	  
	   Output	   was	   aimed	   at	  
presenting	   their	   design	   ideas	  
to	   the	   company	   involved	   in	  
CS2	  through:	  
• A	  storyboard	  
• The	   process	   they	   went	  
through	   to	   create	   the	  
design	  
• Finally,	   the	   designs	  
themselves	  
Most	   of	   the	   outputs	   were	  
concepts,	   although	   one	  
group	  actually	  had	  a	  working	  
device.	  
	  
What	  are	  your	  
reflections	   on	  
the	   project	   in	  
this	  
commercial	  
context	  
Acknowledges	  CS1	   Acknowledges	  CS2	   Acknowled
ges	  CS3	  
The	  key	  output	  was	  a	  way	  to	  articulate	  what	  the	  technology	  can	  do	  
(about	  all	  of	  the	  projects/case	  studies)	  
Feedback	  
forms	   from	  
design	  
students	  
	   No	   recollection	   of	   any	  
feedback	   forms	   from	  
students.	  
The	  company	  involved	  in	  CS2	  
provided	  feedback,	  and	  there	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was	  voting	   involved	  to	  select	  
a	   winner	   as	   it	   was	   run	   as	   a	  
competition.	  
Student’s	  
experiences	  of	  
the	  project	  
	   Students	   seemed	   very	  
enthused	  and	  very	  motivated	  
to	  deliver	  something.	  
Some	   students	   more	   highly	  
motivated	  than	  others.	  
In	   general	   the	   students	  
seemed	   quite	   motivated	   in	  
terms	  of	  this	  area.	  	  
	  
Overall	  
intended	  
outcomes	  
from	  
researcher’s	   /	  
companies’	  
perspective	  
and	   the	  
educator’s	  
perspective	  
Students	   were	   split	  
into	   teams,	   IE’s	  
company	   took	   the	  
output	   from	   some	   of	  
those	   teams	   and	  
created	  banners,	  then	  
the	   students	   were	  
invited	   to	   attend	   a	  
visual	   media	   event.	  
The	   students	   stood	  
alongside	   their	  
banners	   at	   an	  
exhibition	   and	   were	  
able	  to	  talk	  about	  it.	  
So	   there	   were	   two	  
aspects	  to	  it:	  
• Educational	  
benefit	   -­‐	   as	   they	  
could	   understand	  
what	   it	   is	   like	   to	  
work	   at	   an	  
exhibition,	   to	   be	  
able	   to	   promote	  
and	   discuss	   their	  
ideas	  with	   a	  much	  
wider	  audience.	  
• Being	   part	   of	   a	  
discussion	  
amongst	   some	   of	  
the	   people	   that	  
were	   standing	  
around	   at	   the	  
start,	   in	  which	  one	  
of	   the	   discussions	  
in	   the	   end	   ended	  
up	   in	   a	   million	  
From	   IE’s	   company’s	  
perspective	   it	   served	   its	  
purpose	   in	   terms	   of	  
publicising	  what	  can	  be	  done	  
with	  printed	  electronics.	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pound	  project.	  
The	   capitalist	   for	   that	  
project	   was	   a	  
demonstrator,	   or	   a	  
banner	   presentation	  
at	  an	  exhibition,	  which	  
can	   have	   a	   very	  
powerful	   output	   as	   it	  
stimulates	   discussion	  
of	   thought	   around	   a	  
theme	   that’s	  
developing	   within	   a	  
project.	  
Do	   projects	  
like	   this	  
translate	   well	  
into	   an	  
educational	  
content	  
It	   can’t	   do	   because	  
you	   can	   do	   much	  
more	   than	   to	   just	  use	  
it	   as	   a	   design	  project;	  
it’s	   possible	   to	   take	   it	  
beyond.	  
So	  very	  often	  the	  end	  
point	   is	   the	  
presentation,	   at	   the	  
end	  of	  the	  project.	  
The	   CS1	   project	   was	  
interesting	  as	  we	  tried	  
to	   do	   something	   that	  
went	   beyond	   the	  
competition	   or	  
presentation,	   to	   take	  
some	  of	  the	  ideas	  into	  
a	  completely	  different	  
context	   (presenting	  
the	   ideas	   at	   an	  
exhibition).	   This	  
resulted	   in	   very	  
positive	   feedback	  
from	  the	  students.	  
To	   take	   some	   the	  
ideas	   that	   are	  
developed	   within	   a	  
project,	  and	  then	  they	  
can	   be	   taken	   as	   if	   it	  
was	   a	   real	   design	  
concept,	   and	   then	  
onto	  the	  next	  stage	  to	  
explore	   it	   in	   more	  
detail	  elsewhere.	  	  
The	   end	   point	   was	   a	  
presentation	   from	   all	   the	  
different	   teams	   to	   the	  
employees	   in	   the	   company	  
involved	   in	   CS2,	   and	   for	   so	  
many	   cases	   that	   is	   the	   end	  
point,	  with	  the	  students	  then	  
move	  onto	  their	  next	  project,	  
and	  then	  the	  next	  project.	  
To	   a	  
certain	  
extent	  
with	   CS3,	  
we	  tried	  to	  
work	   one	  
of	   the	  
concepts	  
into	   a	  
product	  
idea,	   and	  
this	  
product	  
idea	   can	  
be	   a	   type	  
of	  
demonstra
tor	   in	  
showing	  
what	   we	  
can	   do	  
with	  
printed	  
electronics
.	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The	  key	  thing	  is	  what	  working	  with	  the	  design	  students	  allows	  us	  to	  
articulate	  what	  the	  technology	  can	  do,	  rather	  than	  focussing	  in	  on	  
the	  technology	  itself	  (about	  all	  the	  projects	  /	  case	  studies)	  
Aspects	   about	  
the	  
communicatio
n	   of	   printed	  
electronics	   to	  
designers	   that	  
have	  not	  been	  
covered	  in	  the	  
interview	  
	   The	   issue	   that	   as	   soon	   as	  
displays	   were	   spoken	   about	  
with	  regards	  to	  putting	  them	  
onto	   plastic,	   the	   students	  
immediately	  picked	  up	  on	  the	  
concept	  of	  putting	  the	  visual,	  
high	   resolution	   television	  
display,	   wrapped	   around	   a	  
coco-­‐cola	   can,	   and	   thinking	  
that	   it	   is	   an	   interesting	  
product…when	  it’s	  not.	  What	  
is	   missing	   is	   commercial	  
realism	   in	   terms	   of	   what	  
makes	  sense.	  	  
When	  shown	  an	  example	  of	  a	  
printed	   electronic	   poster	  
drumkit,	   the	   designers	   just	  
copied	  the	  idea,	  using	  the	  lids	  
of	   cans	   or	   of	   jars	   to	   be	   the	  
drum.	  However,	  this	   idea	  did	  
translate	   the	   technology	   into	  
the	   context	   of	   the	  packaging	  
company	   involved	   in	   CS2,	  
and	   was	   clearly	   a	   lot	   more	  
attractive	   than	   the	   idea	   of	  
trying	   to	   put	   a	   full	   video	  
display	  on	  a	  coco-­‐cola	  can.	  
	  
In	   relation	   to	  
the	   doctoral	  
research,	  with	  
IE’s	  
experiences,	  
anything	   that	  
IE	   would	   like	  
to	  add	  
This	  was	  the	  very	  first	  
piece	   of	   work	   that	   IE	  
and	   their	   company	  
did	  and	  it	  could	  add	  to	  
your	   doctoral	  
research.	  
	   	  
One	  of	  IE’s	  frustrations	  was	  that	  there	  are	  a	  lot	  of	  students,	  across	  
all	  three	  projects,	  that	  have	  been	  over	  sea	  students,	  there	  are	  very	  
few	  British	   students	   that	   they’ve	   been	  working	  with	   directly.	   This	  
reflects	   the	   need	   for	   design	   schools	   to	   teach	   on	   a	   global	  
perspective,	  but	  it	  would	  be	  nice	  to	  see	  lots	  of	  people	  who	  will	  then	  
take	  these	  ideas	  and	  stay	  in	  the	  UK	  and	  exploit.	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Appendix	   12:	   Table	   of	   PrintoCent	  
designer’s	   handbook	   1-­‐3	   Year	   Roadmap,	  
and	   the	   researcher’s	   translation	   of	   the	  
information	   that	   is	   relevant	   to	   student	  
designers	  
	  
Roadmap	  Topic	  
All	  data	  in	  this	  
column	  is	  quoted	  
from	  the	  
handbook	  
(Neficon	  and	  
PrintoCent,	  2015)	  
1-­‐3	  Year	  Roadmap	  
All	  data	  in	  this	  column	  is	  quoted	  
from	  the	  handbook	  (Neficon	  and	  
PrintoCent,	  2015)	  
The	  researcher’s	  translation	  
of	  the	  information	  that	  is	  
relevant	  for	  student	  
designers	  
PrintoCent	  
design	  tool	  
Some	  key	  objectives	  identified	  for	  
the	  future	  work	  related	  to	  the	  
design	  flow	  are:	  
• To	  formalize	  a	  set	  of	  Design	  
Flows	  that	  support	  complex	  
FOLAE	  [Flexible,	  Organic	  &	  
Large	  Area	  Electronics]	  
applications	  development	  
• To	  integrate	  in	  existing	  EDA	  
[Electronic	  Design	  
Automation]	  tools,	  compatible	  
Process	  Design	  Kits	  that	  will	  
contain	  FOLAE	  oriented	  
models,	  cell	  libraries,	  virtual	  
and	  physical	  components	  for	  
printed	  electronics.	  
Integration	  will	  be	  oriented	  to	  
users	  so	  that	  it	  is	  compatible	  
with	  industry	  standard	  tools	  
and	  formats	  
• To	  set	  up	  services	  offering	  
access	  to	  EDA	  &	  DK	  for	  project	  
related	  technologies	  and	  
providing	  the	  needed	  design	  
flows	  and	  tools	  support	  to	  end	  
users	  for	  its	  applications	  
• The	  formalisation	  of	  a	  set	  
of	  Design	  Flows	  that	  
support	  complex	  
Flexible,	  Organic	  &	  Large	  
Area	  Electronic	  (FOLAE)	  
applications	  
development.	  
	  
• Create	  a	  user-­‐oriented	  
tool	  that	  is	  compatible	  
with	  industry	  standard	  
tools	  and	  formats	  by	  
integrating	  existing	  
Electronic	  Design	  
Automation	  (EDA)	  tools	  
with	  compatible	  Process	  
Design	  Kits	  containing	  
FOLAE	  oriented	  models,	  
cell	  libraries,	  virtual	  and	  
physical	  components	  for	  
printed	  electronics.	  
• Services	  will	  be	  set	  up	  to	  
provide	  access	  to	  the	  
relevant	  tools	  needed	  for	  
project	  related	  
technologies,	  design	  
flows,	  tools	  support	  to	  
end	  users	  for	  its	  
applications.	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Conductors	   • Printed	  conductors	  will	  be	  
used	  in	  wide	  variety	  of	  
different	  applications.	  Some	  
are	  more	  product-­‐like	  and	  
some	  will	  be	  more	  research	  
oriented.	  Aluminium	  based	  
low	  work	  function	  inks	  will	  be	  
further	  developed.	  
• Horizon	  2020	  includes	  high	  
resolution	  printing	  topics	  
where	  different	  conductor	  
applications	  will	  be	  important	  
and	  can	  be	  also	  in	  the	  main	  
role,	  whereas	  previously	  they	  
have	  been	  typically	  just	  
enabling	  technology	  and	  kind	  
of	  lower	  priority	  development.	  
• Globally,	  replacing	  of	  the	  silver	  
in	  the	  additive	  processes	  will	  
be	  a	  long	  term	  development	  
goal	  and	  often	  copper	  is	  seen	  
as	  the	  most	  promising	  
candidate	  
• Aluminium	  based	  low	  
work	  function	  inks	  will	  
be	  further	  developed.	  
• In	  research	  high	  
resolution	  printing	  of	  
conductors	  will	  be	  
focused	  on	  and	  it	  will	  
play	  more	  of	  a	  main	  role	  
as	  it	  is	  now	  seen	  as	  a	  
higher	  priority.	  
• Globally,	  the	  longer	  term	  
development	  goals:	  
silver	  will	  be	  replaced,	  
with	  copper	  being	  seen	  
as	  the	  most	  promising	  
candidate.	  
Passive	  
Components	  
Capacitors	  
• High	  εr	  dielectric	  inks	  are	  
developed	  (also	  for	  
transistors).	  
• Other	  printing	  techniques	  for	  
dielectric/insulation	  printing.	  
At	  the	  moment	  rotary	  screen	  
is	  only	  reliable	  method.	  
With	  inductors	  and	  resistors	  
there	  are	  no	  specific	  
development	  topics	  ongoing	  but	  
the	  components	  are	  used	  and	  
further	  developed	  when	  
applications	  and	  systems	  require.	  
Capacitors	  
• Inks	  with	  higher	  
insulating	  properties	  are	  
developed	  (called	  
dielectric	  inks)	  –	  they	  are	  
used	  for	  between	  the	  
plates	  (also	  used	  for	  
transistors)	  
• Other	  printing	  
techniques	  for	  
dielectric/insulation	  
printing.	  At	  the	  moment	  
rotary	  screen	  is	  only	  
reliable	  method.	  
With	  inductors	  and	  resistors	  
there	  are	  no	  specific	  
development	  topics	  ongoing	  
but	  the	  components	  are	  
used	  and	  further	  developed	  
when	  applications	  and	  
systems	  require.	  
Transistor	   Improvement	  goals	  
• OTFT	  high	  resolution	  printing	  
• oxides	  lowering	  the	  processing	  
Improvement	  goals:	  
• Higher	  resolution	  
printing	  of	  Organic	  Thin	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temperatures	  
• improved	  registration	  
between	  printed	  layers	  in	  
order	  to	  minimize	  parasitic	  
capacitance	  
• improved	  printing	  process	  
control	  to	  allow	  defect	  free	  
multilayer	  printing	  of	  very	  thin	  
layers	  
• development	  of	  new	  printing	  
processes	  (reel-­‐to-­‐reel	  
compatible)	  for	  functional	  
printing	  of	  i)	  electrode	  
material,	  ii)	  organic	  materials,	  
and	  iii)	  device	  encapsulation	  
materials	  (normalization	  
materials)	  
• TFT	  printing	  process	  end-­‐to-­‐
end	  (a	  basic	  process	  flow	  to	  
build	  new	  modified	  processes	  
on)	  
• TFT	  integration,	  printing	  of	  
circuits	  and	  not	  individual	  
devices	  
• via	  printing	  (electronic	  
connections	  through	  e.g.	  gate	  
dielectric	  material)	  
	  
New	  materials	  and	  technologies	  
in	  scope	  
• some	  polymer	  based	  
semiconductor	  inks	  are	  
reaching	  markets	  in	  volumes	  
required	  for	  pilot	  scale	  
manufacture.	  Use	  of	  materials	  
is	  still	  under	  NDA	  with	  the	  
manufacturer	  
• in	  oxides	  the	  development	  has	  
been	  focused	  on	  materials	  
containing	  indium,	  gallium	  and	  
zinc	  
• processing	  technology	  is	  
emerging	  that	  allow	  mass	  
production	  of	  features	  in	  the	  
range	  1-­‐30	  μm	  
• registration	  accuracy	  in	  pilot	  
scale	  processing	  
Film	  Transistor	  (OTFT)	  
• Lower	  processing	  
temperatures	  
• Improved	  registration	  
between	  printed	  layers	  
in	  order	  to	  minimise	  
parasitic/stray	  
capacitance	  (the	  
unavoidable	  and	  
unwanted	  capacitance	  
that	  exists	  between	  the	  
parts	  of	  an	  electronic	  
circuit	  or	  component	  
simply	  because	  of	  their	  
proximity	  to	  each	  other)	  
• Improved	  printing	  
process	  control	  to	  allow	  
defect	  free	  multilayer	  
printing	  of	  very	  thin	  
layers	  
• Development	  of	  new	  
printing	  processes	  (reel-­‐
to-­‐reel	  compatible)	  for	  
functional	  printing	  of	  i)	  
electrode	  material,	  ii)	  
organic	  materials,	  and	  iii)	  
device	  encapsulation	  
materials	  (normalization	  
materials)	  
• Thin	  Film	  Transistor	  (TFT)	  
integration,	  printing	  of	  
circuits	  and	  not	  
individual	  devices	  
• Vertical	  Interconnect	  
Access	  (VIA)	  printing,	  
(electronic	  connections	  
through	  e.g.	  gate	  
dielectric	  material)	  
	  
New	  materials	  and	  
technologies	  in	  scope	  
• Polymer	  based	  
semiconductor	  inks	  are	  
reaching	  markets	  in	  
volumes	  required	  for	  
pilot	  scale	  manufacture.	  
Use	  of	  materials	  is	  still	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• (R2R)	  is	  reaching	  tens	  of	  μm	  
(earlier	  >	  100μm)	  
• the	  current	  trend	  in	  smart	  
phone	  and	  tablet	  displays	  is	  
towards	  metal	  oxides	  in	  the	  
first	  step	  using	  vacuum	  
deposition	  
• display	  industry	  is	  based	  on	  
sheet	  processing,	  first	  up-­‐
scaled	  printing	  processes	  for	  
TFTs	  are	  implemented	  using	  
similar	  batch	  processing	  
(batch	  processing	  allow	  better	  
registration	  and	  resolution	  
than	  R2R)	  
• high	  performance	  carbon	  
materials	  (such	  as	  nanotubes	  
and	  graphene)	  will	  become	  
available	  for	  solution	  
processed	  electronics	  both	  for	  
conductors	  and	  
semiconductors.	  However,	  
currently	  much	  basic	  research	  
is	  still	  required	  for	  efficient	  
implementation	  
under	  non-­‐disclosure	  
agreement	  (NDA)	  with	  
the	  manufacturer	  
• processing	  technology	  is	  
emerging	  that	  allow	  
mass	  production	  of	  
features	  in	  the	  range	  1-­‐
30	  μm	  
• registration	  accuracy	  in	  
pilot	  scale	  processing	  
• (R2R)	  is	  reaching	  tens	  of	  
μm	  (earlier	  >	  100μm)	  
• the	  current	  trend	  in	  
smart	  phone	  and	  tablet	  
displays	  is	  towards	  metal	  
oxides	  in	  the	  first	  step	  
using	  vacuum	  deposition	  
• display	  industry	  is	  based	  
on	  sheet	  processing,	  first	  
up-­‐scaled	  printing	  
processes	  for	  TFTs	  (Thin	  
Film	  Transistors)	  are	  
implemented	  using	  
similar	  batch	  processing	  
(batch	  processing	  allow	  
better	  registration	  and	  
resolution	  than	  Roll-­‐to-­‐
Roll	  manufacture)	  
• High	  performance	  
carbon	  materials	  (such	  as	  
nanotubes	  and	  
graphene)	  will	  become	  
available	  for	  solution	  
processed	  electronics	  
both	  for	  conductors	  and	  
semiconductors.	  
However,	  currently	  much	  
basic	  research	  is	  still	  
required	  for	  efficient	  
implementation	  
Memories	   –	  
Printed	  
Memristor	  
Materials	  
• Possibility	  to	  change	  the	  
electrode	  material	  to	  more	  
suitable	  one	  
Electrode	  –	  active	  layer	  
compatibility	  →	  Improves	  
lifetime	  
Materials	  
• Possibility	  to	  change	  the	  
electrode	  material	  to	  
more	  suitable	  one	  
Electrode	  –	  active	  layer	  
compatibility	  →	  
Improves	  lifetime	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• Possibility	  to	  change	  active	  
material	  to	  a	  material	  with	  
bigger	  memristive	  shifting	  
	  
Process	  
• More	  compact	  structure	  
• Higher	  yield	  
• Possibility	  to	  change	  
active	  material	  to	  a	  
material	  with	  bigger	  
memristive	  shifting	  
	  
Process	  
• More	  compact	  structure	  
• Higher	  yield	  
Memories	   -­‐	  
Printed	   WORM	  
[Write	   once-­‐read	  
many]	  Memory	  
As	  an	  example,	  we	  here	  consider	  
the	  cold	  chain	  temperature	  
threshold	  exceeding	  indicator,	  
however	  same	  logic	  applies	  also	  
to	  for	  moisture	  sensor	  in	  
buildings	  or	  any	  other	  similar	  
application.	  
Improvement	  goals:	  
• Minimizing	  the	  voltage	  and	  
current	  levels	  needed	  to	  write	  
the	  memory.	  With	  current	  
technology	  [4]	  we	  have	  
demonstrated	  writing	  with	  
few	  volts	  and	  few	  tens	  of	  
mA’s.	  This	  is	  already	  
compatible	  with	  printed	  
batteries	  but	  to	  control	  the	  
writing	  using	  a	  printed	  
transistor	  circuitry,	  it	  would	  be	  
beneficial	  to	  lower	  especially	  
the	  needed	  writing	  current.	  
The	  writing	  current	  is	  
determined	  by	  the	  cross	  
section	  of	  the	  conductor	  line	  
acting	  as	  the	  WORM	  element	  
such	  that	  a	  1μm2	  cross	  section	  
results	  in	  few	  tens	  of	  mA’s.	  To	  
improve	  the	  results	  very	  high	  
resolution	  printing	  techniques	  
are	  called	  for.	  
• Scaling	  of	  the	  production.	  
Currently	  the	  fine	  printing	  has	  
been	  achieved	  by	  the	  super	  
inkjet	  technology	  of	  SIJ	  [4]	  but	  
to	  scale	  up	  in	  R2R	  production	  
one	  needs	  to	  rely	  on	  the	  
upcoming	  high	  accuracy	  
printing	  techniques.	  
	  
Improvement	  goals:	  
• High	  resolution	  printing	  
to	  improve	  results	  in	  
minimising	  the	  voltage	  
and	  current	  levels	  need	  
to	  write	  memory.	  	  
• Scaling	  of	  the	  
production.	  Currently	  the	  
fine	  printing	  has	  been	  
achieved	  by	  the	  super	  
inkjet	  technology	  (SIJ)	  
but	  to	  scale	  up	  in	  Roll-­‐to-­‐
Roll	  (R2R)	  production	  
one	  needs	  to	  rely	  on	  the	  
upcoming	  high	  accuracy	  
printing	  techniques.	  
	  
New	  materials	  and	  
technologies	  in	  scope:	  
• To	  address	  high	  
resolution	  printing	  
challenge	  outlined	  
above,	  the	  micro	  contact	  
and	  reverse	  offset	  
techniques	  look	  very	  
promising.	  However,	  
upscaling	  of	  these	  
technologies	  for	  Roll-­‐to-­‐
Roll	  (R2R)	  is	  still	  to	  be	  
done.	  
• The	  datalogging	  memory	  
applications	  rely	  also	  
heavily	  on	  the	  
development	  of	  printed	  
transistor	  technologies	  
to	  be	  able	  to	  address	  the	  
memory,	  drive	  the	  
needed	  current	  levels	  
and	  possibly	  to	  scavenge	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New	  materials	  and	  technologies	  
in	  scope:	  
• To	  address	  high	  resolution	  
printing	  challenge	  outlined	  
above,	  the	  micro	  contact	  and	  
reverse	  offset	  techniques	  look	  
very	  promising.	  However,	  
upscaling	  of	  these	  
technologies	  for	  R2R	  is	  still	  to	  
be	  done.	  
• The	  datalogging	  memory	  
applications	  rely	  also	  heavily	  
on	  the	  development	  of	  printed	  
transistor	  technologies	  to	  be	  
able	  to	  address	  the	  memory,	  
drive	  the	  needed	  current	  
levels	  and	  possibly	  to	  
scavenge	  energy	  from	  external	  
sources	  like	  RF	  fields.	  
energy	  from	  external	  
sources	  like	  Radio	  
Frequency	  (RF)	  fields.	  
Displays	   and	  
Signing	  -­‐	  OLED	  
Printed	  OLED	  enables	  novel	  form	  
factor,	  multicolor	  display	  and	  
signage	  applications	  for	  cost-­‐
sensitive	  highvolume	  products.	  
	  
Potential	  applications	  in	  short	  
and	  medium	  term	  comprise	  for	  
example	  
• Interactive	  packaging	  and	  
point-­‐of-­‐sale	  products	  
• Consumer	  electronics	  and	  
interior	  design	  products	  
• Smart	  cards	  and	  smart	  labels	  
	  
The	  long-­‐term	  application	  vision	  
for	  the	  OLED	  technology	  is	  to	  
enable	  cost-­‐effective	  realisation	  
of	  emissive,	  flexible	  and	  wide-­‐
area	  display	  and	  signage	  
elements	  for	  communication	  and	  
architectural	  illumination.	  
Printed	  OLED	  enables	  novel	  
form	  factor,	  multicolour	  
display	  and	  signage	  
applications	  for	  cost-­‐
sensitive	  high-­‐volume	  
products.	  
	  
Potential	  applications	  in	  
short	  and	  medium	  term	  
comprise	  for	  example:	  
• Interactive	  packaging	  
and	  point-­‐of-­‐sale	  
products	  
• Consumer	  electronics	  
and	  interior	  design	  
products	  
• Smart	  cards	  and	  smart	  
labels	  
	  
The	  long-­‐term	  application	  
vision	  for	  the	  OLED	  
technology	  is	  to	  enable	  cost-­‐
effective	  realisation	  of	  
emissive,	  flexible	  and	  wide-­‐
area	  display	  and	  signage	  
elements	  for	  
communication	  and	  
architectural	  illumination.	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Organic	  
Photovoltaic	  
(OPV)	  
Component	  improvement	  
targets:	  
• Increase	  OPV	  efficiency,	  
improved	  lifetime	  
• Reduce	  component	  material	  
cost	  with	  new	  material	  
solutions	  
	  
Production	  improvement	  targets:	  
• Production	  capability	  up	  
scaling	  with	  several	  end-­‐use	  
product	  specification	  variants	  
• Process	  characterisation	  with	  
new	  materials	  
	  
Material	  and	  technology	  
development	  targets:	  
• New	  photoactive	  materials	  
developed	  by	  PrintoCent	  
members	  and	  partners	  
• New	  electrode	  and	  interlayer	  
materials	  developed	  by	  
PrintoCent	  members	  and	  
partners	  
• Device	  architecture	  
improvements	  
• System	  integration	  
improvements	  
Component	  improvement	  
targets:	  
• Increase	  OPV	  efficiency,	  
improved	  lifetime	  
• Reduce	  component	  
material	  cost	  with	  new	  
material	  solutions	  
	  
Production	  improvement	  
targets:	  
• Production	  capability	  up	  
scaling	  with	  several	  end-­‐
use	  product	  specification	  
variants	  
• Process	  characterisation	  
with	  new	  materials	  
	  
Material	  and	  technology	  
development	  targets:	  
• New	  photoactive	  
materials	  developed	  by	  
PrintoCent	  members	  and	  
partners	  
• New	  electrode	  and	  
interlayer	  materials	  
developed	  by	  PrintoCent	  
members	  and	  partners	  
• Device	  architecture	  
improvements	  
• System	  integration	  
improvements	  
Printed	  
Supercapacitor	  
Technology	  Improvement	  goals	  
• possibility	  to	  replace	  liquid	  
electrolyte	  with	  gel	  or	  other	  
solid	  alternative	  
• manufacturing	  yield	  >	  99	  %	  
	  
Product	  trials	  
• demonstration	  e.g.	  in	  hybrid	  
system	  with	  OPV	  
• practical	  tests	  with	  
RFID/packaging	  
	  
New	  materials	  and	  technologies	  
in	  scope	  
• advanced	  e.g.	  bio-­‐based	  
Technology	  Improvement	  
goals	  
• possibility	  to	  replace	  
liquid	  electrolyte	  with	  gel	  
or	  other	  solid	  alternative	  
• manufacturing	  yield	  >	  99	  
%	  
	  
Product	  trials	  
• demonstration	  e.g.	  in	  
hybrid	  system	  with	  OPV	  
• practical	  tests	  with	  
RFID/packaging	  
	  
New	  materials	  and	  
technologies	  in	  scope	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materials	  as	  precursors	  for	  
activated	  carbon	  
• R2R	  assembling	  
• novel	  electrolytes	  (gels,	  
application	  by	  ink	  jet)	  
• various	  application	  specific	  
substrates	  
• advanced	  e.g.	  bio-­‐based	  
materials	  as	  precursors	  
for	  activated	  carbon	  
• Roll-­‐to-­‐roll	  (R2R)	  
assembling	  
• novel	  electrolytes	  (gels,	  
application	  by	  ink	  jet)	  
• various	  application	  
specific	  substrates	  
Printed	  
Temperature	  
Sensors	  
Component	  improvement	  targets	  
• Investigation	  of	  different	  
printable	  polymers	  and	  their	  
temperature	  dependence	  
• Clarification	  of	  statistics	  of	  
larger	  sensor	  population	  
• Reliability	  assessment	  of	  
various	  sensor	  types	  
• Investigation	  of	  different	  
substrate	  types	  
• Encapsulation	  technologies	  to	  
prevent	  moisture	  effects	  
	  
Production	  improvement	  targets	  
• Production	  capability	  up	  
scaling	  
• Roll-­‐to-­‐roll	  printability	  of	  the	  
dielectric	  polymers	  
Component	  improvement	  
targets	  
• Investigation	  of	  different	  
printable	  polymers	  and	  
their	  temperature	  
dependence	  
• Clarification	  of	  statistics	  
of	  larger	  sensor	  
population	  
• Reliability	  assessment	  of	  
various	  sensor	  types	  
• Investigation	  of	  different	  
substrate	  types	  
• Encapsulation	  
technologies	  to	  prevent	  
moisture	  effects	  
	  
Production	  improvement	  
targets	  
• Production	  capability	  up	  
scaling	  
• Roll-­‐to-­‐roll	  printability	  of	  
the	  dielectric	  polymers	  
Printed	   Relative	  
Humidity	   (RH)	  
Sensors	  
Component	  improvement	  targets	  
• Sensitivity	  maximization	  
• Hysteresis	  minimization	  
• Reliability	  assessment	  of	  
various	  sensor	  types	  
	  
Production	  improvement	  targets	  
• Production	  capability	  up	  
scaling	  
	  
Material	  and	  technology	  
development	  targets	  
• Geometry	  optimization	  for	  
various	  applications	  
Component	  improvement	  
targets	  
• Sensitivity	  maximization	  
• Hysteresis	  minimization	  	  
• Reliability	  assessment	  of	  
various	  sensor	  types	  
	  
Production	  improvement	  
targets	  
• Production	  capability	  up	  
scaling	  
	  
Material	  and	  technology	  
development	  targets	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• Polymer	  material	  
improvements	  
• Substrate	  material	  
improvements	  
• Geometry	  optimization	  
for	  various	  applications	  
• Polymer	  material	  
improvements	  
• Substrate	  material	  
improvements	  
Printed	   resistive	  
touch	  
sensors/screens	  
Examples	  of	  the	  short-­‐term	  
application	  potential	  of	  
integrated	  sensor	  systems	  
include:	  
• Gaming	  and	  entertainment	  
applications	  
• Interactive	  graphical	  products	  
such	  as	  posters	  with	  user	  
interfaces	  
• Indoor	  or	  structural	  
monitoring	  in	  buildings	  
	  
In	  the	  longer	  run,	  we	  envision	  
enabling	  new	  functions	  by	  using	  
printed	  components	  and	  printed	  
system	  integration	  only.	  In	  
particular,	  interesting	  new	  
opportunities	  will	  emerge	  
through	  the	  development	  of	  
printed	  transistors	  for	  sensor	  
scanning	  circuitry.	  This	  would	  
reduce	  the	  complexity	  of	  silicon	  
integration	  by	  reducing	  the	  
number	  of	  connections.	  
Additionally,	  very	  promising	  
results	  have	  been	  obtained	  in	  the	  
development	  of	  specific	  printed	  
sensors	  in,	  for	  example,	  
environmental	  and	  diagnostics	  
applications.	  
Examples	  of	  the	  short-­‐term	  
application	  potential	  of	  
integrated	  sensor	  systems	  
include:	  
• Gaming	  and	  
entertainment	  
applications	  
• Interactive	  graphical	  
products	  such	  as	  posters	  
with	  user	  interfaces	  
• Indoor	  or	  structural	  
monitoring	  in	  buildings	  
	  
In	  the	  longer	  run,	  we	  
envision	  enabling	  new	  
functions	  by	  using	  printed	  
components	  and	  printed	  
system	  integration	  only.	  In	  
particular,	  interesting	  new	  
opportunities	  will	  emerge	  
through	  the	  development	  of	  
printed	  transistors	  for	  
sensor	  scanning	  circuitry.	  
This	  would	  reduce	  the	  
complexity	  of	  silicon	  
integration	  by	  reducing	  the	  
number	  of	  connections.	  
Additionally,	  very	  promising	  
results	  have	  been	  obtained	  
in	  the	  development	  of	  
specific	  printed	  sensors	  in,	  
for	  example,	  environmental	  
and	  diagnostics	  applications.	  
Printed	   Gas	  
Sensors	  
In	  the	  future,	  more	  stable	  
nanoparticle	  inks	  with	  better	  
printability	  and	  processability	  will	  
be	  developed,	  thus	  improving	  the	  
sensitivity	  and	  selectivity	  of	  the	  
sensors.	  
Inks	  can	  also	  be	  developed	  for	  
other	  printing	  methods	  
In	  the	  future,	  more	  stable	  
nanoparticle	  inks	  with	  
better	  printability	  and	  
processability	  will	  be	  
developed,	  thus	  improving	  
the	  sensitivity	  and	  
selectivity	  of	  the	  sensors.	  
Inks	  can	  also	  be	  developed	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depending	  on	  the	  customer	  
requirements.	  R2R	  compatible	  
and	  low	  cost	  manufacturing	  of	  
the	  electrodes	  plays	  a	  key	  role	  in	  
developing	  fully-­‐printed	  gas	  
sensors.	  
During	  the	  next	  1-­‐3	  years,	  TRL	  
level	  3	  should	  be	  reached.	  
for	  other	  printing	  methods	  
depending	  on	  the	  customer	  
requirements.	  Roll-­‐to-­‐roll	  
(R2R)	  compatible	  and	  low	  
cost	  manufacturing	  of	  the	  
electrodes	  plays	  a	  key	  role	  
in	  developing	  fully-­‐printed	  
gas	  sensors.	  
During	  the	  next	  1-­‐3	  years,	  
TRL	  (technology	  readiness	  
level)	  level	  3	  should	  be	  
reached.	  
Electrochemical	  
biosensor	  
Component	  improvement	  targets	  
• Increase	  accuracy	  and	  linearity	  
• Improve	  lifetime	  
• Reduce	  component	  material	  
cost	  with	  new	  material	  
solutions	  
	  
Production	  improvement	  targets	  
• Production	  process	  validation	  
and	  up	  scaling	  with	  existing	  
prototypes	  
• Process	  characterisation	  with	  
new	  materials	  
	  
Material	  and	  technology	  
development	  targets	  
• New	  biomaterials	  developed	  
by	  PrintoCent	  members	  and	  
partners	  
• New	  electrode	  materials	  
developed	  by	  PrintoCent	  
members	  and	  partners	  
• Component	  architecture	  
improvements	  
• System	  integration	  
improvements	  
Component	  improvement	  
targets	  
• Increase	  accuracy	  and	  
linearity	  
• Improve	  lifetime	  
• Reduce	  component	  
material	  cost	  with	  new	  
material	  solutions	  
	  
Production	  improvement	  
targets	  
• Production	  process	  
validation	  and	  up	  scaling	  
with	  existing	  prototypes	  
• Process	  characterisation	  
with	  new	  materials	  
	  
Material	  and	  technology	  
development	  targets	  
• New	  biomaterials	  
developed	  by	  PrintoCent	  
members	  and	  partners	  
• New	  electrode	  materials	  
developed	  by	  PrintoCent	  
members	  and	  partners	  
• Component	  architecture	  
improvements	  
• System	  integration	  
improvements	  
Hybrid	  
Integration	  
Guidelines	  –	  Roll-­‐
to-­‐Roll	   Atomic	  
Layer	   Deposition	  
(ALD)	  Technology	  
Roadmap	  for	  the	  roll-­‐to-­‐roll	  ALD	  
technology	  expands	  on	  the	  Al2O3	  
based	  barrier	  layers	  to	  various	  
different	  precursors	  and	  films	  
(e.g.	  TiO2,	  ZnO,	  Al2O3-­‐doped	  ZnO)	  
layer	  functionalities,	  and	  
Roadmap	  for	  the	  roll-­‐to-­‐roll	  
Atomic	  Layer	  Deposition	  
(ALD)	  technology	  expands	  
on	  the	  Al2O3	  based	  barrier	  
layers	  to	  various	  different	  
precursors	  and	  films	  (e.g.	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applications.	  Integration	  of	  ALD	  
film	  onto	  different	  inorganic	  and	  
organic	  film	  stacks	  calls	  for	  
further	  development	  of	  various	  
different	  pre-­‐	  and	  post-­‐treatment	  
capabilities.	  Further	  reduction	  in	  
process	  temperature	  as	  well	  as	  an	  
increase	  in	  productivity	  can	  be	  
reached	  by	  use	  of	  plasma	  
enhanced	  ALD	  process.	  
Finally,	  roadmap	  for	  roll-­‐to-­‐roll	  
ALD	  technology	  features	  scaling	  
of	  the	  web	  width	  to	  1.5	  meters	  
(and	  beyond)	  to	  address	  an	  
increasing	  range	  of	  applications.	  
TiO2,	  ZnO,	  Al2O3-­‐doped	  ZnO)	  
layer	  functionalities,	  and	  
applications.	  Integration	  of	  
ALD	  film	  onto	  different	  
inorganic	  and	  organic	  film	  
stacks	  calls	  for	  further	  
development	  of	  various	  
different	  pre-­‐	  and	  post-­‐
treatment	  capabilities.	  
Further	  reduction	  in	  process	  
temperature	  as	  well	  as	  an	  
increase	  in	  productivity	  can	  
be	  reached	  by	  use	  of	  plasma	  
enhanced	  ALD	  process.	  
Finally,	  roadmap	  for	  roll-­‐to-­‐
roll	  ALD	  technology	  features	  
scaling	  of	  the	  web	  width	  to	  
1.5	  meters	  (and	  beyond)	  to	  
address	  an	  increasing	  range	  
of	  applications.	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Appendix	   13:	   Start	   of	   the	   workshop	  
questionnaire	  
Appendix	  13.1:	  Page	  1	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Appendix	  13.2:	  Page	  2	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Appendix	  13.3:	  Page	  3	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Appendix	   14:	   End	   of	   the	   workshop	  
questionnaire	  
Appendix	  14.1:	  Page	  1	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Appendix	  14.2:	  Page	  2	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Appendix	  14.3:	  Page	  3	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Appendix	  15:	  Handouts	  
	  
Appendix	   15.1:	   Instruction	   sheet	   for	   Concept	  
Generation	  Stage	  (A4	  size)	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Appendix	   15.2:	   Page	   1	   of	   Hand-­‐outs	   ‘Idea	  
Generation	  Sheet’	  (A3	  size)	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Appendix	  15.3:	   Page	  2	  of	  Hand-­‐outs	   ‘Final	  Design	  
Elevational	  Views	  Sheet’	  (A3	  size)	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Appendix	   15.4:	   Page	  3	  of	  Hand-­‐outs	   'Final	  Design	  
Exploded	  View	  Sheet'	  (A3	  size)	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Appendix	   15.5:	   Page	  4	  of	  Hand-­‐outs	   'Final	  Design	  
Information	  Sheet’	  (A4	  size)	  
	  
	  
	  
